
Thoracic 

Surgery 


OrFlQAL ORGAN 

the AMERICAN ASSOCIATION TOR THORACIC SURGERY 


Elinor 

EM/EE HOLMAN, San rranrtsco 


Associnle Eililors 

imiAN BLADCS, ll-'M/w/giM, D C 
'1HOMAS H nUREORD, St Louts 


Aihusoty EcIiIoimI Board 

AEfRED BLALOCK, Balltnioir 
EDWARD D CHURCHILL, Boston 
LEO ri OESSER, San Trancisco 
CAMERON HAIGHT, Ann Arbor 
STUART W HARRINGTON, Rorhcstcr, AUnn 
ROBERT M JANES, 1 oronto 
HERBERT C MAiril, New YorL 
RICHARD H MEADE, Crand Rapids 


Aih’ttoty Eihtot/rtl Boittd Keptesctitnig the Society aj 
Thoiitcic Si/igeotts of Gteitt Biitatii and heland 

H MORRISTON DAVIES, Rutfnn, North IKa/f/ 

R C BROCK, London 
C PRICE THOMAS, London 


EVARTS A GRAHAM, Editor, 


VOL. %, JUNE-DECEMBFR, 1958 

THE C. V, MOSBY COMPANY 1958 ST. LOUIS 



VOLUME 36 

COPYRIGHT, © 1958, BY 
THE C. V. MOSBY COMPANY 

(All rights reserved) 

Printed in the United States of America 



Thoracic 



Original Commnnica tions 


HIGH DEFECTS OF THE ATRIAL SEPTUM 
P John Leivis, M D, Chicago, III 

INTKOnUCTION 

W ITH the extension ol suigeti to defects -nitlim the Jienit these defects Jin^e 
quickly heeoine tlic siihjeot ot intense stiidj Ncu intoimation concein 
ing manj ot them has <ii)i)eaiod and theie has been a -widci dissenunation ol old 
kiionledge Attention lias htoii p.iid to the ahnoiin.il .inatonn and to the ah 
noiin.al iunetioii and new diagnostic tccliiiiques li.nc been de\eloped Special 

pioblcins and umisu.il coinplieatioiis nliich iiias he ass'ici.ited nitli the suigital 
tieatincnt of these detects base been desenbed In tins piesentation, I will 
deal with some ol these featiues ot one paiticulai detect—a snhtjpe ot the 
atiial septal detects The complications of suigical lepaii will he cinph.isized 

PATHOLOGIC ANATOMY 

Poiamcn Oialc Deject —The most fiequent anatomic tjpe ot atiial septal 
detect IS the ioiamcn oialo detect (Fig 1, A) Among CC patients with atiial 
septal defects, 78 pei cent weie of this ttpe Foitiinatelj, this is the easiest 
typo to repaii Theio aie no dangeions stiuctuics neai it and there is enough 
septal wall aioiind it so that the edges may simply he sewm togcthei It has 
been icpaued successfully b\ eithei closed oi open opciatne techniques, al¬ 
though I tasoi an open technique, employing hypotheimia 

Low Dc/ect—The defect illustiatcd in Pig 1, B, and designated as a low', 
a peisistent ostium piimum, oi an incomplete tipe ol common .itiioientiieiilai 
canal detect piesents a much inoie seiious pioblem One edge ot the detect is 
111 Hepjrtment ot Surgcij Nortlniestwn UnUcrsltj AleCical Scliool Chicago 11 

Recej\ed for publication Dec 23 1957 
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formed by the crest of the ventricular septum and the fusion of the right and 
left atrioventricular vah’es. This defect is near the atrioventricular node and, 
due to injuiy of this node, complete heart block may follow repair. In addition, 
the valve defonnity, which actually is part of this defect, is difficult to correct. 



R, PUUM VEmS 


Pig. 1 ,—Shows a foramen ovale defect viewed from the right side, as at an operation, 
but with the atnal wall removed. The patient’s head is to the viewer’s left The defect does 
not have a distinct lower margin but otherwise it offers no special problems in repair. 

B, A. persistent ostium primum defect with the foramen ovale normally closed. The 
notched aortic cusp of the mitral valve is seen through the defect. The ventricular septum is 
located superiorly and to the right in this picture hut it is actually "lower” than or inferior 
to the defect when the patient is erect. 


Fui’tliermore, stitches in the ventricnlar septtim may pull out. There are a 
number of difficult problems associated -with attempts to repair this defect but 
I will not discuss them further at this time. I am concerned here with a simpler 
defect, the high defect which, nonetheless, offers serious hazards to repair. 
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High Defect .—Tlic high defect, illustrated in Fig. 2, should be distinguished 
from the foramen ovale defoet. It is located just inferior to the superior vena 
cava. Tlie superior edge of the atrial septum in this area is a .sharp crescent 
which forms the inferior margin of the defect but superiorly the defect has no 
definite margin, since there is no remnant of the septum above it. Appro¬ 
priately, at least from the anatomic point of view, this defect lias boon called 
an abnormal entry of the superior vena cava into both the right and left atria. 



Fig-. 2.—High defect of the atrial septum 

A, This shows the relationship of the defect to the septum, the fossa ovalls, the superior 
^ena cava, and the right pulmonary veins The orientation is from the surgeon's point of 
^ie^v as he stands on the right side of the operating table The first repair stitch has been 
Placed 

■B, The first repair stitch has been lied 

G, Closure of the defect Is completed and some narrowing of the vena cava is evident. 


More than the vena cava and the atrial septum are involved, however, for the 
defect is invariably associated with a partial anomalous, pulmonary venous drain¬ 
age. The veins draining the right upper and middle lobe, usually with separata 
openings, enter the lower part of the superior vena cava just above tlic defect 
itself. The azygos vein terminates higher than usual, entering the vena cava 
superiorly to these anomalous veins This defect is superior to m'’’ separate 
from the site of the foramen ovale though there may be 
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tho foramen ovale type, as there was in 4 of onr 12 patients. To carry this 
association between tho foramen ovale defect and the high defect farther there 
is, I think, a type of defect in which the band of septnm between the high 
defect and the foramen ovale defccl has absorbed resnlting in a large “com¬ 
bined” defect. I have encountered this type only once. 

The high type of atrial septal defect was described as early as 1867'® but 
only occasional reports of individual eases appeai-ed prior to our description 
in 1955.'' Hove recently the attention of a number of surgeons has been directed 
to it. At Iho present, time the pathologic anatomy of the defect is cpiite well 
understood and H. J. C. Swan of the Mayo Clinic has recently described the 
pathologic physiology in an excellent .report on a group of carefully .studied 
cases."' A search for the functional alterations he described will lead to a pre- 
operative diagnosis in most cases. After the diagnosis has been made, surgery 
is indicated in most patients with this anomal.v. The repair has probably been 
thought of as relatively straightforward with either a closed or open technique. 
Unfortunately, the repair is difficult and there are some special hazards to 
which attention has not yet been called. 

CASE :matekial 

The high defect has been the .second most common atrial septal defect in 
our experience. Among 66 patients, all operated upon, the high defect was 
found V2 times. In the first 2, we did not understand the nature of tho defect 
and only made tho diagnosis in retrospect. In the third patient, however, there 
was a foramen ovale defect in addition to the high defect so we wore forced to 
see that the high defect was a separate lesion. I have had no trouble recognizing 
it since then. Among the 12 patients, there were 7 females and 5 males, while 
among the remainder of the patients with atrial septal defects there were 40 
females and 14 males. There may be a more nearly equal sex distribution in 
those with high defects than there is among those with other atrial septal defects. 
Age ranged from 5 to 52 years for the high defects, about the same as for the 
entire group. 

Among the 12 patients with high defects, there were 2 operative deaths. 
The first death was in a 55-year-old man who died of irreversible ventricular 
fibrillation on the operating table—death attributable to hypothermia, the tech¬ 
nique used for doing these open heart operations. Tho second death was in a 
26-year-old man who died of thrombosis of the superior vena cava—a complica¬ 
tion peculiar to the repair of this particidar type of defect. 

COMPLIC.VTIONS OF REPAIR 

To repair this defect we have used a row of sutures placed so that the 
aberrant pulmonary veins are directed into the left atrium as the defect is 
closed. This technique is illustrated in Fig. 2. The defect is repaired through 
an incision in the upper part of the atrium and lower part of the superior vena 
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ca\,i The obiccfno of coiioctmgr hath the fliioiti.iloiis \cnous connection and 
file septal defect is sound, of coiiiic, lull the tcehnKiue for olrt.nmn" this oh 
leetnc is not sntisfaeton AVc h,no had a mimhoi ot complications 

The upiiei half pmsc stuns stiteli m<i\ not completeh close the sen 
uppti end of the lopnn foi, in 2 cases, the caflietci slipped out into the linie 
dniing postopoiatne cathcteiiTntion as it had picoperafneh This cliffieulti 
111 , 1 } not lie of gicat impoif.inco, howeiei, foi tiieie ii.ss no eudenee of a shunt 
in tluse eases postopciatuch (a sinint M,is di.ignosed mIioii theie luis moio 
than 2 \olnmes pei eint ineicase in owgeii satination hetneen the seiine easae 
and the afiium) Appnionth the e.iflictci mil slide out tlnoiigh .a small cicmcc 
Moic seiious h.iio heon the instances of \enons thiomhosis at the site of 
lepau .Svicli compinations iiaic oeeutied in 4 of flic 12 c.isis All except one 
of these appe.aied .as lohm pnlmonan congestion in the e,i!h postopcjatuc 
pciiod indicating fli.it the \ein fiom the light iippoi lobe was occluded Pig 3 
shows the appc.ii.nncp of this eoinplieafion on loentgciiogiapln In the patient 
ilUisti.atcd, tlieie was hemoptisis and a fohiile eonisc Two ofhci p,aficnt& 
appaicntl} iieic little tioiililcd In the eomplie<itioii It is not iisimlh f.ital' 
Aonetlicless, iihen the lung tccoieis, the seiioits blood tiom the nnoUed lobe 
iniist diain into the sisfemio icnons s\stcm thus piodiicnig ,1 left-to light shunt, 
the situation that the opeiation was oxpeeted to collect 

Thiomhosis otiguwfing at the site of the icpati nmi ocolnde (he supoiioi 
lena caia as iicll as the pulnion ii \ iciiis This happened in one of oui patients 
and If caused liis death Appaiontli in tiling to aioid nuiiviug the channel 
foi the pnlnionar} leins too ii.iiioii the lena eai,! ii.is iniiioiied too much nncl 
it thrombosed postopoiatnoli Uufoitiiu itch, the angos itiu had been ligated 
.iiid tills closed an impoitaiit potential diaiiiage ehaiinel of the siipcnoi loiia 
c<iia This complication happened in the dcieiitli patient mtli a high detect 
Prolnhh heeauso it had not occiiiied oailiei, T did not oonsidci i( as a sciions 
possihiliti despite the fact that naiioniiig of the lena ca\,i, t,THsed In the le 
pan, olmoiish sot the stage foi it AVIieti occlusion of the iciia c.aia rlid occui 
I did not lecoginro it In coiitiast to the elnoine couise nsualh desciibed m 
the Iiteratuie foi patients mth ohstinctioii of the supeiiot icna eava “ ' ” 
this patient passed lapidh to a latai feriniiiatioii 

C ISn REPOBI 

The patient uas a 2S}Osrol(l min (Ps,,w int Mcniornl llosxntni No 57 21G1) known 
to hnie coiigenitnl heart <lisoase since chilaiioofl, who underwent right limit mthelerization 
in Jaiwar)^ J9o7^ at ntiich time a diagnosis of lugt* atrial septal defect n-as made 

The defect was repured on April 10, 1037 under direct \lsion wifli the aid of li^po 
therniia liter completion of tlie repair tin. superior aeni caia ivns narrow and tlioro was 
cymasis ot the face while the patient was still on the oiierating tatile lint Wood was flowing 
through the rena cam 

Postoperative!}, the patient did well the first daj but about 3S hours after surgerj 
he became lethargic This lelharg} gradualll deepened into coma during the ncU 3 or 4 
hours The temperature went op to 101 6” F and respiration failed A traclieotonn was 
done and an artificial respiratoi was cntplojod The temperature was lowered with sot 
cooling 10 The blood pressure fell and it uas partiall} maintained with frnnsfus 
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HIGH DEFECTS OF ATBIAL SEPTUM 


Levophed. Congestion of the riglit upper Jobe, iiidicnting thrombosis of the right superior 
pulmonary vein, appeared on the second postoperative day (nfter respiratory failure and 
coma had developed). Spontniicous breathing did not return and ho never regained con¬ 
sciousness. Ho died on the fourth postoperntive day. 

At autopsy examination tliere was a thrombosis originating at the surgical repair 
which obstructed the superior vena caxTi and the pulmonary veins from the right upper 
and middle lobes. There uns a gcncrali7ed hemorrhage into the alveolar spaces of the right 
upper lobe and the alveolar membranes uere edematous. 

The brain was soft and edematous and tho subarachnoid vessels were dilated. There 
was a diffuse hemorrhagic Jiecrosis of tlic right cerebellar lobe involving both white and 
gray matter. Sections tlirongli the right temporal lolie and adjacent tlialaimis showed necrosis 
of glial cells and absence of nouroii*?. 



Fiff. t.~An alternative metliod of rcpnlrlne the liieh alflal seP>h> defect. 

A, The first repair stitch Is placed Uelow the hlRhcst anomalous pulmonary vein. 

B, Repair completed. The hlchest pulmonary vein la still connected anomalously to 

the superior vena cava but the vcsills are not Mnstricted. 


IMPROVING THE TEGHNIQUE OF REPAIR 

Other surgeons encoimtoring this defect have apparently used slightly dif¬ 
ferent methods to repair it hut "it is my impression tliat these methods all in¬ 
volve narrowing of tho blood channels and the introduction of foreign material 
in the form of sutures, plastic sponge, or both. There is probably a serious 
I'isk of tliromhosis. 

Perhaps the simplest way to avoid this danger and yet achieve a satisfac¬ 
tory repair, at the present time, is illustrated in Fig. 4. Tiie atrial septal defect 
is closed but the highest abnorinal vein is simply not disturbed. ■■ f^rst patient ^ 
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with a high defect actually had this operation because Ave did not knoAv enougli 
about the defect then to do a more complex operation. We overlooked tlie 
anomalous vein. The patient has an excellent clinical result and liis heart has 
decreased in size. As an alternathm the imin could be tied off but then, after a 
period of severe congestion, the venous drainage Avould be re-established to the 
A-ena caAva anyAvay by Avay of the azygos system. The shunt througli one lobe 
is not great and it can be safely ignored. If it seemed necessary to eliminate 
this shunt, the lol)e could be resected. 



B, The same step shown in A but viewed fi-oin above looking- into the lumen of the 
superior vena cava 

C, The superior vena cava is divided and the distal end closed. 

D, The superior vena cava anastomosed to the right atrial appendage. 


Another possible Avay of managing the situation Aidth achievement of com¬ 
plete repair is illustrated in Fig. 5. The opening of the A'ena cava into the 
auricles is revised so that the cava drains entirclj^ into the left atrium instead 
of into both the right and left atria. Thus, the aberrant pulmonary veins are 
directed properly into the left ati’iuni Avith no narroAving of their course, but the 
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\ojia ca^.^ IS cli.imiii" into tlic wimig ntiiuin Tlio %cnii en^.l must then bo 
(lividccl nbinc the ])nlni(m,ii\ \uiis and an.islonioscd to tlie nfrht atinnn I 
hn\o not ^ot used this tichnnnu in patients because I consideied such a eenous 
anastomosis danfjcioiis in itsell, but \m lia\c been stimulated to study the piob 
Icm of \enoiis anastomosis in tlie Iaboiatoi\ 

AN VSIOMOSIS OP Tin SIII’HIIOI! \1 NV V 10 Till' IIIOIIT VTRIUJt 

Some time a<:o uc eiiiploiid I\ahm spinii^e blood \essols to siibstiliito loi 
the lona ca\ii' and leal iii d, as iii iin ntlii i-. ha\e, that malts, oi, foi that mattci, 
e\on anastomoses ot the laim eiins au ein liKih to become ocihided Some 
times the ecssels sta\ oiieii foi months but the (oiitiaition ol seal tissue unop 
posed 1)} a simufiiaiit iiitialiimiiial pnsstiii tends to iiaiiou the lumen and 
occlusion nun fiiialh oiiiii 

The eciioiis anastomosis uhieh we an iiitiiistid in hcie, between the supo 
nor ecna caea and the i ipht ati iiiiii, has been stiidn d expeiimentalh In lii ibode^ 
who nehievtd flood iisults in dot's when a can hil anastomosis was made hi tween 



1 IS 


H ^Pspci lull rit il iiu tho 1 Ilf inastumo'ims 
lilt anastonui‘<J‘j is 


tin -uictior \tna ea\n to tlic ilglit 
< iicuiuti H nil ilH to V '•inj, ol Tenon 


utnai 


Mic \on<i inst al)o\(• llic tii'Ajjos \(ni, *iik] atn<il nputlii i oi 

10 (logs, the (iiiasloniosis leiniiinod open .tiitl some of tliese <iiijnMls ^\tlo tollo^tecl 
ioi .IS long as 5 joais"* In tiicsc .uiastonio''*-^ Iheit tt.is piobahH not much ten- 
Sion but as pait ot a tieatment toi the limb detect tension would be nnaioidable 
unless a fjiatt weie used Anastomoses ot \aiious tijies oi fri itts ha\e lieen 
empkned to lolicie supeiioi ^ena ca^a olisfuictiou in a few Imman cases '-sum 
^ome of the lesults tone been good, at least toi awhile, but most of these 
patKiits weto not followed long since tho icnoiis obstiuction was usually due to 
cancel In m.nn an anastomosis between the 'cna eaea and the atinim might 
leiiiain open moie oiten than it does m dogs siinph heciiiise the eava is laigoi 
hut hefoie using this anastomosis ui man we hopeel to leaiii a technique that 
would woik itgulaih iii etogs 

Because ot oiii eailiei cMun'®"®® giafts we haee not used 

giafts Instead we haee conccntiatccl on the piohlcm of au anastomosis, done 
iindei some tension, between the \cna eaea, above the teiminatioii of„hie a/^gos 
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vein, and tlie right atrium.^ In these circumstances a simple everting anasto¬ 
mosis failed. We then used a Teflon tube insert which was placed inside the 
anastomosis to hold it open. Though the actual site of anastomosis between the 
vena cava and the atrium could not contract do^vn, sear tissue at either end 
of the tube, external to the vessel wall, narrowed the lumen and thrombosis 
finally occluded it. Up to the present we have had our best results with a 
ring of Teflon placed externally to the anastomosis which is used to hold the 
anastomosis open (Fig. 6). The everting anastomosis is stitched out to this 
ring after it has been completed. The ring is left in place so that it may hold 
the anastomosis open during the healing. We have used it in 12 dogs and the 
anastomosis has been studied with angiograms in 7. It remains open in 6 of these 
7 but they have not j^et been followed long enough to satisfy ns. 

DISCUSSION 

When an anomaly, previouslj'^ inoperable, becomes the proper object of 
surgical therapy there is a strong new stimulus to investigate all aspects of the 
condition. The high atrial septal defect, althougli a relatively uncommon dis¬ 
ease, has become the subject of this new semtiny. Its surgical anatomy is well 
understood at the present time and there is some comprehension of its embryo- 
logical development. The abnormal physiology has been quite well described 
and, through this phj’^siologie knowledge, new tests have been developed that 
permit its differential diagnosis from other atrial septal defects. 

Although much of this new understanding of the defect is a result of the 
fact that it is now surgically correctable, the surgical repair is still not ideal. 
There is a propensity to the occurrence of serious complications which are 
clearly the result of the repair technique. Thrombosis of the anomalous pul¬ 
monary veins has been difficult to avoid, and even thrombosis of the superior 
vena cava may occur. The repair technique must be altered; but if it is altered 
in one apparently satisfactory way, it will be necessary to do a venous anas¬ 
tomosis (between the superior vena cava and tlie right atrium) whieli may be 
hazardous in itself. Perhaps the safest repair at the present time is a com¬ 
promise which leaves the right superior pulmonary vein still anomalously con¬ 
nected to the superior vena cava. 

SUMMAHY 

1. The high atrial septal defect can be distinguished from the foramen 
ovale defect and from the persistent ostium pi'imum defect because of its unique 
anatomic features. 

2. The complications of pulmonaiy venous thrombosis and thrombosis of 
the superior vena cava that have ai'isen in the repair of 12 high atrial septal 
defects are described. 

3. In order to avoid these complications one can forego complete correc¬ 
tion of the defect by leaving the abnormal connection of the right superior 
pulmonary vein to the superior vena cava. Another alternative to be explored 
involves anastomosis of the superior vena cava to the right atrium. 
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THE ELECTROCARDIOGRAM IN OPEN HEART SURGERY 

Disturbances in the Right Ventricular Conduction 

Hemj A. Zhmnerman, Jorge Martins de Oliveira, M.D., 

Cid Nogueira, ALD., David Alendelsohn, M.D., and 
Earle B. Kay, Al.D., Cleveland, Ohio 

T he advent of open heart surgery has raised many important questions 
that require elucidation. Some of these are concerned with the electro¬ 
cardiographic changes during and after surgical procedures. It is the purpose 
of this paper to present a studj'- of the disturbances in the right ventricular 
conduction which appeared after operation in patients who had undergone open 
heart surgery. Other disturbances in the conduction system such as aurieulo- 
ventrieular blocks have also Ijeen briefly considered in tl^is work. 

iUATERUL AND JIETHODS 

Sixty-three of the first 100 patients who have been sul)jectcd to open heart 
surgery at St. Vincent Charity Hospital were studied by electrocardiograms 
taken before, during, and after the surgical procedure (Table I). 

Table I. Distribution op Congenital Heart Defects in 63 Patients Operatei) Under 

Direct Vision 


Interatrial septal defects 15 

Pure A’alvular pulmonic stenosis 10 

Vahnilar pulmonic stenosis plus interatrial sepfal defect 2 

Valvular pulmonic stenosis plus patent ductus arteriosus 1 

Interventricular septal defects 18 

Pure infundibular pulmonic stenosis 2 

Tetralog}' of Fallot 8 

Tetralogy of Fallot plus atrial septal defect 3 

Infundibular pulmonic stenosis plus interventricular septal defect 4 


All patients had a complete preopefative electrocardiogram (6 limb leads 
and precordial leads from Vi to Vr.). Kecording of at least one lead during 
operation was undertaken in all cases. The great majority had a complete 
12-lead postoperative electrocardiogi’am and manj' of them had multiple tracings 
in the follow-up. In a few patients Avho died postoperatively, it was possible 
to record only the limb leads due to dressings on the precordium. In order to 
establish a criterion for the changes indicating disturbances in the right ven¬ 
tricular conduction following surgery, we have divided the postoperative 
tracings into three groups. 

From the St. Vincent Charity Hospital, Cleveland. Ohio. 

Received for publication Dec. 23, 1957 , 
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\ i,mi( inrnicx muiiooi! w iv opix itmiir sukc.iju 13 

S tnl)cr 1 

Gioup 1 —No cli.iiif;os No allcintions suirgcstne of (listiiibimecs 
in the iif'Iit M'ntiipul.ii ooiuluction ^\cl( inoscnt 

Gioiip 2—FnsI flogipo p)ian>:o‘! —.ippeniavcc of I?' oi U'S' in 
Load V, 1ml without am si"nific.iiif iiipieaso in the cliiintion of the 
QRS c’oniplo\ (hss tlinii OOli sceoiids) 

Oioup 3—Seioiid dcgtiP thaiiKPS—appciiaiite of K' oi It'S’ pal 
1( 1 II in Load V,, w ido S w a\ ts in Lt id f and w ide 1? w a\ e? in aVR The 
duiatioii of tlic QRS coinplo\ is si"niHc'inth ineie.iscd wlien coinpaied 
with til it liofoie siiigei\ (equal oi tnoie tlnii 002 seconds) 

rioni now on the dcsifnintions, “no thaiiges,’’ “fiisldegice dianges,” and 
second d(gioi elmiigis ’ will la used to indititc the alteinlions in the light 
lentiienhii (ondiittion 

\s VL\SIS 

1 Infrid/iKil Sepiut Dcfecl'i —All 15 pitients of this gioiip picscnted 
diffcieiit tipts of picnmtiiie heats aliial, nod.il and initiicnlai, dniiiig the 
snigic.il ))iocediiip p.utieiil.uh dining the c.iidiotoiin In a few eases these 
pKiintuit hods leiii.iinod foi scieial lioiiis altoi opeiation, hut in no case 
did thei pcisist foi mote than 2 dais (Tihlc II) 

In 14 out of the 15 oases in this seiios, theic existed an R' w.iie in Lead V, 
htfoiL the opeiation This nioiphologi is Known to ho a fiequent finding in 
tlie elcctiocaidiogiaiiis of iiatients with intciatiial septal defects” Following 
suigen in 13 oi those cases, the R' disippeaied oi doeioased in loltage In 
one ease oiih the aniplitiidc of this waio leiiiained the sime (Case 4) One 
patient in this soiics of intci.itiial septal dotcet had an RS pattern in the first 
(hissical piccoidial le.id hcfoie suigen In this ease no ehaiiges woio ohsenod 
ittoi the collection of the defect Apphiiig the ciitcii.a we haie dcsciihed ahoie, 
wt ni.ii s,Ti that of the jiatients with inteiatiial sejital defects none exhihited 
distuihaiiccs in the light iciitiiciilai conduction .iftei suigical coirection 

2 Vttlvulai Ptthnomc Stenosis —Thiitccn patients piesentiiig this mal 
foiination haic iiiideigoiie open htait suigcij In 10 of the cases the lalmlai 
defect was not associated with ani otlici anom.ali The leniaiiiing 3 Ind othei 
loiigeiiit.al defects, 2 iiiteiatii.il septal defects and 1 patent diietiis 
.iiteiiosiis Applying oui ciitoiia we will Iiaie the following distiihution foi 
tilt clcetiocaidiogi.ains of the patients in this senes Gioiip 1—5 eases oi 38 
pel cent, Gioiip 2— 8 cases oi 62 pci cent, Gioup 3—no eases oi 0 pel cent 
(Fig 1) 

As one can see the iiiaiKcd changes in the light lentuoulai conduction 
which chaiacteiize the gioiip, 3 were absent in patients who had iindeigoiio 
pulmonic iialinlofomi Iloweiei, in 1 c.ise, immediateh affei the comniis 
siiiotomi, cleetioenidiogi.'iphie changes .is dcseiihed in Gioup 3 appealed, these 
weio ti.ansitoi,! and disappoaied in 36 liouis (Fig 2) 

In onh 2 cases was the tnnsiiteiial technique used, in the lemaniing 11 a 
caidiotoniv thiough the outflow tiaet of the light lentiicle w.is peC’ I As 



Fig. 1.—Valvular Pulmonic Stenosis. Appearance of first-degree changes after surgery 
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pjg 2,—^Transitorj' disturbances are shown In the right 
can see in the record taken May 24, 1956 (a few hours after surgerj l 
Spearld and were not seen any more in the last record (June 5. 195bi. 
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TAni r ir ECG Ciianoks rot.LoviNr, Sunom- i.v 15 Patikn-th IViTit Interatkiai. Sfi-tal 

rvt-ttrr-w 


ASKS 

1. 

j UErour. \ 

R = 2.2 S = 0.5 

R' = 8.5 8’ = 2.5 

AFTER 

R = 1.5 

R' = 8 

S = .1.5 

No S’ 

2. 

R=:l.n 

R' = 5.2 

8 = 0.1 

S = 0.5 

R=1 

R'=3 

8 = 1.5 

No S' 

3. 

Rz=:18 

8 = 4 

R= 14 

No S 

4. 

R = 2.2 

R' = 4 

8 = 0.1 

8'= 8.5 

R= 1 

R' = 4 

S = 1 

S’ = 0.5 

5. 

R = 0..3 
R'=:10.5 

S = 2.5 

R =0.1 

8 = 3 

R' = 8 

e. 

R =0.1 

R' = 2 

8 = 0.2 

S' = 2 

R = 0.5 

Xo R' 

S = 2 

No S’ 

7. 

R = 0,5 

R' =: 5.5 

8 = 4 

B = 0.5 

R’ = 4.5 

S = 3 

.s. 

R=1.5 

R' = 14 

8 = 1 

S'=l 

R = 2 

R' = 5 

S = 0 

No S’ 

0. 

R = 2.5 

H' = l 

8 = 1.2 

S' = l 

R = 3.3 

R' = 0.8 

8 = 0..-! 

S’ = l 

10. 

R = 1 
R'=9 

8 = 1.2 

S' = 5 

R = 17 

No R' 

No 8 

No S’ 

11. 

R = 1 

R' = 5 

8 = 1.5 

R = 2.2 

No R' 

8 = 7 

12. 

R = 2.5 

R' = 7.5 

8 = 4 

R±s2 

R' = C 

8 = 4 

13. 

R = 3 

R' = 8 

S = 2 

R = 2 

E'=:4 

8 = 2 

14, 

R = 5 

E' = 7 

8 = 1.5 

B = 4 

B' = 3 

8 = 2 

15. 

R = 2.5 

R' = 4.5 

8 = 1 

R = 2 

B' = 2 

8 = 1.5 


in tlie series of interatrial septa! defects, our records showed 
prematiu'e beats during operation ■vvhicli disappeared in the first ^vorp 

surgery. In tlie 8 eases in which fixat-dcgrcc changes weie piesen , loj 
seen at the moment of the valvular commissurotomy and persis e 
3. Interventricular Septal Defects .—In 18 patients, 
tricular septal defects was performed under direct vrsiori. le compax. \ 
study of the eleetroeardiogxaphie tracings shoxved t xat a er raigexy on y 
case could be included in Group 1, 7 patients presented fixat-degree changes 
(Groxip 2), and 10 e.’chibitcd alterations compatible TOth those described xn 

Group 3 (Pigs. 3,4, 5). , , i p * 

All elcctroeardiographie changes appeared during the closure of the defect. 
Besides tlie already mentioned premature beats wbicli were seen m all patiente 
of this series of interventricular septal defects, in 2 of them, first- and second- 
degree A-V blocks appeared during the surgical procedure; these, however, were 
tx'ansitory, lasting only 2 or 3 minutes. 
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ventricular septal defect. 




Fig. 5. 

Fig. 5.—^Appearance of second-degree changes following 
ventricular septal defect. 

Fig. G.—Infundibular Pulmonic Stenosis. The postopem tn e 
tlie second-degree change pattern. 


Fig. 6. 

surgery in a case of inter¬ 
tracing (.luly S, 1957) shows 
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4. Jiif-iiniHbnJnr 7'ii/moiitc .Slniosn.—Tti tlip 2 cases pi-oseiitiiiR this mal- 
formatinii. Ilic postoponit'no electlocjii-diogrnms \\ere inchulwl in Group .1. 
Tiniisieut atrial aiul ventricular piemnturc lieats nere also seen in these 2 
eases during suiscry (Fit:. 0). 

.") Tctiahqij of Tliiee out of II iiatients of this .scries had, also, a 

eomiiuinication hctucen the atiiieles In 1 it uas a real atrial septal 
defect; in the other 2 the communication uas thiouf:h a patent foramen ovale. 
One patient died immediately after the elosuic ol the chest uall. In this case, 
as it is ohtious, no postopcratiic tracin*: uas recorded. In the leinainint: 10 
cases (100 per cent), the clectiocaidio"raphic changes appealed cither during 


I XI "ill in m ITT' 




rig. 7—Pre> ana postopcrati\e rocoMlB In a ca««c of Ictralopi of Fallot Maikcd changes 
(second-doffrec) In the nglit ^entrlculnl tonduction Oevolopca aftci .^iirger> 

the resection of the pulmonary infundihuliim oi during the closuie of the .septal 
defect and persisted throughout the postoperative eouise These ciianges u-eic 
classified as belonging to Group 3. Picmaturo beats uere also pre.scut in all 
records dunng the surgical proeedni’c 

In one of them a persistent complete A-V block was noticed follouing the 
closure of the intervontricular septal defect. This patient, as mentioned above, 
died in a few minutes (Pig. 7). 

6 Infundibular Pnhnomc Stenosis and Intcrvcntriculur Septal Defect.— 
Pour patients presented infundibular pulmonic stenosis with associated intor- 
lentijoular septal defect, but witliout merriding of the aorta In all, the 
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perStS ta “*“*'>”1™ »"• df ing the olosm-e of the eeptal defect and 

nreZf ^ ^ Postoperative period. As in the othei- cases, several types of 

premature beats were present during surgery and persisted for some hmrs in 
tile postoperative tracing (Pig. 8). 



rn/r/n "" ! 

/ 




, IC./P/ic 1 ' ' * 
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Fig. S.—Infundibular Pulmonic Stenosis and Interventricular Septal Defect. The post¬ 
operative tracing (Oct. 10, 1956) shows the second-degree change pattern. 


DISCUSSION 

1. Premature Beats. —Tliese elianges in cardiac rliytiim, in spite of its 
frequency, do not deserve particular consideration. In no case did they cause 
any disturbance to the patient; they were transitory and disappeared in a 
short time. 

2. A-Y Blocks. —First- and second-degree blocks were seen in a few cases, 
but they were transient and innocuous. They possibly occur as a consequence of 
edema produced by operative maneuvers close to the Aschoff-Towara node. 

Complete A-V block was seen in one case of our series. We cannot say 
whether or not it played an important role in the mechanism of death of this 
patient. However, we agree with Du Shane^ that such a disturbance in con¬ 
duction when produced by mechanical injury, either of the A-V node or of the 
bundle of His, may cause serious effects upon the circulatory sj^stem, particularly 
during a procedure of such magnitude as open heart surgery. 

3. Disturbances in the Right Yentricular Conduction. —As is shown in 
Table III, second-degree changes, very similar to those described in cases of 
right bundle branch block, appeared in all patients in which a resection of the 
pulmonary infundibulum was made. It was also seen in a great number of 
patients in whom closure of the inteiwentricular septal defect had been per¬ 
formed. On the other hand, it was absent in eases of closure of interatrial 
septal defects or in valvular puhnonic commissurotomy (Table III). 
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Table 111. Ei.E0TR0CAr.nioimAi')iio Chakoes A>Tra'. Oben Heart ScnoEiiY 



NtJiTBEU or 
CASES 

i NO CUANfiKS 

1st PEGtlEK 

CHANOnS 

2nd DEGREE 

CHANCES 

Atrin.1 septal defect 

15 

15 

0 

0 

Valvular pulmonic stenosis 

13 

5 

8 

0 

Inten-cntricular septal defect 

18 

1 

7 

30 

Infiindilmlar pulmonic stenosis 

Tetralo^’ of Fallot 

<\ 

0 

0 

o 

11 

0 

0 

11 

Infundibular pulmonic stenosis plus 
inton-entricular septal defect 

4 

0 

0 

4 


Tliese observations suggest Hint llicre is an area in tlic riglii ventricle 
which is always damaged during inlundilmlar resection; it is also injured in 
some cases of closure of interventricular septal defects, but does not seem to be 
involved during valvular pulmonic eon)mi.s.sHrotomy. Wo reported an c.xcop- 
tion in this group. After the opening of the pulmonary valve the patient c.v- 
liibitcd marked disturbance in eondiietion, but tlicso clmngcs disappeared within 
36 hours, and probably depended upon a transitory factor involving some 
zone in the conduction system pathway, notably edema. 

The changes in tlic conductive mechanism which wore first seen eitlier 
during the resection of the infundibulum or during the closure of the intor- 
vontrioiilar septal defect did not disappear. All patients wlio liave been studied 
between G months and a year after the surgictil procedure still had the same 
disturbances in the riglit ventricular conduction they presented during and 
immediately after tlio operation. Two regions of the conduction patiiway could 
be responsible for the sooond-degree changes; the riglit bundle itself or some 
particular area located in the infundibulum. Studies performed to demonstrate 
the anatomic localization of tlic conduction system have .shown that the right 
bundle is situated in a lower position ns compared to the ptilmonie infundibulum 
and the majority of the interventricular septal defects.’’ * Thus, althougii we 
admit tliat tliis right bundle branch could be affected in a few cases of infundibu¬ 
lar resection or in closure of some defects, it would be unusual to o.vpcct its in¬ 
volvement in such a large niimhcr of cases, llcccnt studios’’ “ indicate that some 
regions in the outflow tract of the riglit ventriolo, particularly the crista supra- 
ventrieulai’is, play an important role in the whole activation of the lioart and 
actually represent almost all sources of the potentials re.sponsiblo for the last 
part of the ventricular depolarization. In order to establish the localization 
of this “forbidden area” of the conduction system involved in our cases, a 
cardiotomy was performed in 5 dogs using a bypass Sigmamotor pump and a 
Kay-Cross o.vygenator. A catheter with a special electrode was placed in the 
right auricle and atrial intracavitary electrocardiogram was recorded before 
the opening of tlie chest wall. During the cardiotomy, no changes in tlie right 
ventricular conduction were seen, but several typos of transitory premature 
beats appeared. Under eleetrooardiographie control, stitches were placed in 
the liigber parts of the interventricular septum and gradual resection of the 
infundibulum was performed. No clianges in right ventricular conduction 
were observed until the crista supravcntricnlaris bad been cut. At this moment 
an oleotrocardiograpivic pattern very similar to those seen in tlic “so-e' ' I’i,, 
right bundle branch block appeared. This was observed in 4 out of ■' 
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1 J I'einaining 1, the eleetroeardiograpliic changes which developed 

resembled those found in Group 2 of our criteria: i.e., appearance of late R 
wave, but witliout increase in duration of the QES complex (Fig. 10). We feel 
that in this 1 ease the resection of the infundibular region was not complete. 

One may conclude from our experiments that second-degree changes are the 
result of operative damage in regions involvmg the crista supraventrieularis. 
This is easily accepted in eases in which the infundibulum is resected. But an 
explanation must be found for the changes in patients Avith interventricular 
septal defect in Avhom no resection is performed. The closure of high septal 




TTiV Q_Rie-ht atrial intracavitary potentia.1 recorded in a dog- before and after resection 

of the crista supraventrieularis. Following this procedure, inarked distui bances m conduc¬ 
tion similar to those seen in cases of right bundle branch block appealed. 

Vip. 10 _Right atrial intracavitary potential in a dog. After Uie resection of the 

piilmonai'v infundfbulum, there appeared changes similar to those found in Group 2 of our 
ci-iteria In this case the infundibular resection was not complete. 


defects often necessitates placing stitches in regions close to the crista supra- 
ventricularis. This may produce disturbances in the right ventricular conduc¬ 
tion similar to those found during correction of the infundibular stenosis. On 
the other hand there are some cases in which the position of the defect' is such 
.so as to produce damage of the right bundle branch itself when the surgical 
correction is performed (Fig. 11). 

Thus, it seems probable that right bundle branch block pattern may result 
not only fi’om inAmlA’'ement of the right bundle itself, but also fiom damage m 
the infundibular area, particulai‘l.y if regions close to the crista, supraventiicu axis 
are aft’ected. This is not hard to accept if we consider that in many conditions 
in which dilation and hj’pertrophy of the basal portions of the right Acentric e 
are present Avith consequent delay in the conduction of these areas, changes 
similar to those seen in Group 2 maj’' appear.®’ ® Thus, resection of the in- 
fnndibnlar region or anatomic injury produced by stitches may cause delay 
in the conduction Avith development of electroeardiographie changes. We may 
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•ilso iidd Unit the dcRieo ol altciatioiis m t.iscs ol intcnciitiieulai septal defects 
depends iipou the dc{?i(C of the mini' piodticed hi the opciatnc closiuo of 
the soptnl hole, thus gi\ii\>; ns fust- imd second dcgiee cliangts 

Anothci sulyoet ot iinpoitanee is the etlcct of tlicso distuihantes m light 
sentnculai conduction upon the patients Although some of us hcheved at 
the beginning of this stnd\ that these changes in the eonductnc sjstcm could 
plaj a lole m some patunts in the mechanism of de.ith, no non do not icgaid 
It as a seuous possihilite Koi instance, m oiii eases ol telialogt of Pallot all 
4 patunts nho died exhilntid these eondiietion distnihaiuis llonein, the 7 



1’—I’l-—Kleht \tntilck Cl — rrii-u‘<|iia enUi' 
na 1 ulnionari arter> /M—-Pulnioniij Mihi 

Vsfi^ts 1, 2 -iml T— Uoat conunon locations of Intiaeontilcular sejit il aefects 
can aeo pefecta No 1 anil No t me slumtc I cloa, to tin riisti anpratcntilciilails 
^lO s Js located near the pathwnj of the rl|,ht hmneh 


f*S T —Ci lata siipra\ entrlciiHri'! 


Va one 
Defect 


nho smvived also had the smic cleUioeauliogiaphie changes Pmthoi, 
patients nith aitoiioseleiotic heait disease, Chagas disease,’" and otliei caidiop 
athies fictpieiuh picsenl light Imndle hi,xiioh blooh pattern nithont am 
impoitant elnueal disticss It is out opinion that the eleiated nioilalitt seen 
aftei suigeij m patients opeiated on foi pme oi associated infnndibulai 
pulmonic stenosis is eoncctncd nitli othei faetois, stteh ns the magnitude of 
the opciatne tiaunia, pool hemodtnamic adaptation, and oleotiohte distuibanee 
(Table IV). 


SUMMAEN 

Distiiibances in the conductue meeliaiiisin of the heait, paiticiilailj in tlie 
light Nentiiolo, ha\e been fiequentlj seen m the cleetiocaidiogiams of p.itients 
opeiated upon foi ceitani ttpes of congenital cnidiae malfoiniations 
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T'adiji: IV. CouREi.ATiON Eetwebn Moutautv and ELKcrnocMimooHAriiic Oiianoes 



NUMBER OP 

survivals 

NO CHANGES 

1st degree 

CHANGES 

2nd degree 

CHANGES 

Atrial septal defect 

14 

14 

0 

0 

Valvular pulmonic steno.sis 

13 

5 

8 

0 

Interventricular septal defect 

12 

1 

4 

7 

Infundibular pulmonic stenosis 

1 

0 

0 

1 

Tetralogy of Fallot 

7 

0 

0 

7 

Infundibular pulmonie stenosis plus 
interventricular septal defect 

2 

0 

0 

2 


number op 


1st degree 

2nd degree 


MORTALITY 

NO CHANGES 

CHANGES 

CHANGES 

Atrial septal defect 

1 

1 

0 

0 

Valvular pulmonic stenosis 

0 

- 

- 

_ 

Interventricular septal defect 

(i 

0 

3 

0 

3 

Infundibular pulmonic stenosis 

1 

0 

1 

Tetralogy of Fallot 

4 

0 

0 

4 

I nfundiliular pulmonic stenosis plus 
interventricular septal defect 

o 

0 

0 

2 


A study of 63 piiliciils who had opon heart siu’Rory was undertaken in order 
1o evaluate the incidence and meaning of these disturhances. 

A correlation carried out with findings obtained from experimental stiidies 
in dogs demonstrated that the ciianges in the conductive sj'stem are lolated 
either to the right branch bundle itself, or to the crista supraventrieularis and 

surrounding areas. 

Jt was concluded that these disturbances in conduction were not responsible 
for the elevated mortality in the group of pure and associated iniundibular 
pulmonic stenosis, but that the deaths in this group depended upon other 
factors such as operative trauma, hemodynamic inadaptation, and electrolyte 

distuj’bances. 
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STUDIES OF HEMOLYSIS WITH A PLASTIC-SHEET 
BUBBLE OXYGENATOR 

Lduatd W Feibeis, D, and John W Kirklin, ylf D, Rocheslet, Mmn 

D ELCTEurons effects on blood in a pump owgcnatoi lesult fiorn a \aiiet\ 
of phjsicil actions on the blood TIic mcasiiiement of lienioljsis, os- 
picssed bj the iiicieasi in tin \aluc foi hemoglobin in the plasma is used ns 
an ind(\ of the degiee of undcsiiablo effects excited on the blood Toi the 
index to lotloct piopeilj the delcteiioiis chaiactcnstics of a pump oxxgenntoi, 
deteiiinnations of hemoglobin in the plasma piobablj should bo done \nth 
the blood tiicuHting in the appaiatus only, uliile the aitcnal hue is connected 
to the \cnous lino diicctlj' A stated quantifx of blood should be enculatcd 
at a stated late of How 

The plastic sheet bubble oxjgcnatoi desciibed bj Rott and eouoikcis,’ 
ivas chosen foi this stude and compaiatnc d(tciminations of the hemoglobin 
content of the plasma «cic earned out uith and without an animal in pei 
fusion 

lIErilODS 

Por cTch of the experiments cc ot rtcentl^ rlrTnn, }iopnrini70{l blood ^\as ob 

tamed from 1 or 2 liealth> mongrel dogs of J(» to 30 ICg m 'weight bj cannulation of the 
loft common, carotid arterj Tor the cnnmdntion, the dogs iverc anesthetized with S to 
15 c c of a 2 5 per cent solution of thiopental sodium Inc nunuten before phlobotom}, 
heparm was injected intra\enou‘«l\ xn amounts of 3 ing per kilogram of bodj weigJit 

Dogs winch underwent perfusion were Jicaltlij mongrels of 8 to 12 Kg The mofliod 
for Tvhole bodj perfusion was identical to that described b\ Poriido and co worker''" 

Plastic'tbeet bubble owgcnators* were used in all experiments One pump of a 
roller oeclusiio tjpet was used as an nrttrj pump, providing a flow of blood of 550 c c per 
minute The venous return juto a venous reservoir was obtained bj graviti Oxvgen flow 
rates of 2,000 cc per nunutt were used in all experiment*, except in one, in vilucli co 
pressed room air was used at the same rate of flow The connections were made bv pin c 
Tigon tubing with an internal diameter of % and inch and stainless steel conne ir** 
The venous reservoir wa* made of Liicite 

From The Ifajo Clinic and Ma>o Foundation Rochester Minn 

Foundation Rochester Minnesota Is a part of tJie Graduate SeJ ol of 
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In the first grronij of experiments, 2,000 c.c. of recently drawn, heparinized donor blood 
was circulated in the pump-oxygenator system for 1 hour or 2 hours. In one of these ex¬ 
periments compressed room air was used instead of oxygen. Samples of blood (10 c.c.) for 
the determination of the hemoglobin content of the pla.sina were taken before the blood was 
introduced into the oxygenator, and then from the venous line every 15 minutes during 
the run. 


In the second group of experiments, a dog underwent whole-body perfusion for 1 hour 
with the same rate.s of flow for blood and oxygen as before. Samples for the determination 
of hemoglobin in the plasma were taken before and every 10 minutes during the perfusion. 
In addition to this procedure, 2,000 c.c. of the blood was circulated in the pump-oxygenator 
system for periods of a to 1 hour before or after the blood was used for whole-body 
perfusion. 

The samples of blood were carefully collected in test tubes containing 2 drops of 
heparin, and were centrifuged for 20 minutes at a speed of 1,800 r.p.m. The supernatant 
plasma was pipetted off. Determinations of plasma lieinoglobin were carried out according 
to the method of Shinowaras in the Beckman spectrophotometer. This method was found 
to be advantageous over other methods because it allows accurate determinations of the 
content of hemoglobin in the plasma to ranges as low as 5 to 10 mg. per 100 c.c.* 


RESULTS 


Fig. 1 gives the mean values for plasma hemoglobin as found in 8 experi¬ 
ments, when 2,000 c.c. of lilood tvas circulated in the closed pump-oxygenator 
circuit for 1 hour or 2 hours. The resulting curve shows a constant rise, reach¬ 
ing an average of 100 mg. of hemoglobin per 100 c.c. of plasma within 30 
minutes, of 350 mg. within 60 minutes, and then leveling off gradually toward 
the end of 120 minutes, reaching a value of 500 mg. of hemoglobin per 100 c.c. of 
plasma. 

An essentially similar curve was obtained when compressed room air was 
used in the oxygenator instead of oxygen at the same rate of flow (Fig. 2). 

To define the role of the pump and the oxygenator independently in the 
production of hemolj^sis, the oxygenator was removed from the circuit during 
a portion of the experiments and was replaced by a glass container. Eegard- 
less of whether this ■was done in the first or second half of the experiment, it 
could be seen that the pump and tubing accounted for an increase of hemo¬ 
globin in the plasma of only about 25 mg. per 100 c.c. within 60 minutes, 
whereas a typical increase up to 2 (5 mg. per 100 c.c. was produced within 60 
minutes by the oxygenator (Fig. 3). 

When this pump-oxygenator system was used under the same conditions 
to perfuse a dog for 1 hour, changes in values for plasma hemoglobin pro¬ 
ceeded in an entirely different manner. If marked hemolysis was not present 
before perfusion was begun, the value for hemoglobin in the plasma increased 
gradually to 20 to 30 mg. per 100 c.c. within 1 hour (Fig. 4). 

When perfusion of an animal was begun after a preliminaiy run in 
vitro” had produced a value of 125 mg. of hemoglobin per 100 «'..c. of plasma, 
a rapid decrease to 12,5 mg. of hemoglobin per 100 c.c. was observed in the 


*we are indebted to Dr. E. J. Baldes of the Mayo Foundation an^d to 3^. T. T Myre 
of Memphis, Tenn., for establishinsr this method for the determination of plasma hemogiooin 
in this laboratory. 
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next few minutes, and during tlie actual perfusion the plasma hemoglobin in¬ 
creased only graduall.y to 40 mg. per 300 c.c. in 1 hour. As 2,000 c.c. of the 
blood was circulated in the closed pump-oxygenator S3^stem after perfusion 
was terminated, a prompt increase in hemol.vsis occurred (Fig, 5). 



Fig. 3.—Concentrations of hemoglobin in the plasma when 2,000 c.c. of blood was 
circulated in the pump-bubble oxygenator system (solid lines) or pump and tubing system 
alone (broken lines), the oxygenator being replaced by a glass container. Pump flow: 550 
c.c. per minute; oxygen flow; 2 L. per minute. 



Fig. 4.—Concentrations of hemoglobin in the plasma during whole-body perfusion of 
dogs (9, 10.7 and 12 ICg.) with 2,000 c.c. of blood from the pump-bubble oxygenator for 1 hour. 
Pump flow: 550 c.c. per minute; oxygen flow; 2 !>. per minute. 


To investigate the part played by a living organism in this phenomenon, 
a comparative experiment “in vitro” ivas done: a glass container with 800 
c.c. of recentlj' drawn, heparinized and unhemolj'^zed blood ivas added to the 
pump-oxygenator circuit after some degree of hemolysis had taken place in 
2,000 c.c. of blood during a run of 30 minutes under the usual conditions (Pig. 6). 
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When fresh lilood entered into tlic eiicuit a sharp decrease in the concentra¬ 
tion of liemogiohin in the plasma was seen, similar to tliat depicted in 
Fig. 5. However, in its fnrtliei' course this curve was significantly different. 



Flff 5.—Concentrations of Jiemoplobln In the plasma wlien a doif (9 Kff ) was perfused 
for 1 hour (broken line): 2.000 cc of blood was circulated in the pump-bubble oxjffenatoi 
30 minutes prior and fiO inlnute-j after perfusion of the dog (solid line). Pump flow , 650 

cc per minute. 0 ’c^sen flow 2 per minute 



Piff 0—Concentrations of hemoglobin m the plasma when 2,000 cc of blood was 
circulated in the pump-bubble oxvgenator for 2| hours After 30 minutes a beaker containing 
800 c c. of rre«!h. unhemoljzed blood wa«J Introduced into the circuit (arrow) Pump flow* 
550 cc per minute, oxjgen flow 2 L per minute 

In the c-Kperiment “in vitro” a steady and lapid increase in hemolysis took 
place, as would be e.xpeeted in the use of this pumi)-o.\ygenator, in contrast 
to the low concentrations of hemoglohin in the plasma maintained for 1 hour 
wlien a living organism is in tlie circuit. 
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COjaiENT 

In all expcviinoiits in which hloocl was circulated in the purap-oxygenator 
onlj^, a steady and rapid increase in the concentrations of hemoglobin in the 
plasma up to 350 mg. per 100 c.c. within 1 hour and 500 mg. per 100 c.c. within 
2 hours was observed, whereas during the perfusion of a dog the concentrations 
of hemoglobin in the plasma did not increase to more than 30 mg. per 100 c.c. 
In the interpretation of the experiments depicted in Fig-s. 5 and 6, we are aware 
of the faet that no quantitative estimations can be made. The initial decrease 
in both curves is probably due in part to a dilution effect and in part to inade¬ 
quate mixing of the fresh blood with the hemolyzed blood. The different be¬ 
havior ill the further course of those two curves, however, suggests that the 
living organism actively removes jilasma hemoglobin from the .system, or modi¬ 
fies its rate of production in the apparatus. The former is the more probable. 

Gott and co-workers^ found that this oxj'genator produces an average in¬ 
crease of 77 mg. of hemoglobin per 100 c.c. of plasma (range from 8 to 185 mg. 
per 100 c.c.) when dogs are iiorfused for 1 hour. This is supported bj^ our 
data. DeWall and co-workers^ reported values for hemolysis of 33 mg. of 
hemoglobin per 100 c.c. of plasma (range from 6 to 80 mg. per 100 c.c.) in the 
clinical use of their oxygenator foi- the perfusion of man. Recently, BiicherP 
published results of experiments “in vitro” in which he passed oxygen through 
human donor blood according to the bubble-oxygenator principle. He noted 
values for hemoglobin in the range of 300 mg. per 100 c.c. of plasma after 1 
hour, increasing to the range of 500 mg. per 100 c.c. in the second hour, which 
is in close agreement with our findings. 

It seems that the .jets of oxygen entering the blood at the bottom of the 
oxygenator chamber are the major factors in the production of such intensive 
hemolysis. In evaluating different arrangements of the oxygen disperser, Gott 
and co-workers' noted extremely high hemolysis (an increase of 971 mg. of 
hemoglobin per 100 c.c. of plasma) and a 100 per cent mortality rate among 
5 dogs when the venous inflow was below the level of the oxygen disperser and 
oxygen emitted under high pressure through only a few fine holes. Biicherl'' 
observed an increase in hemolysis when oxygen flows were higher and, also, 
when an antifoam substance Avas added to the blood. This latter fact suggests 
that the passage of gas through a massive column of blood with the resulting 
turbulences is the mechanism Avhieh causes high hemolysis, and that the foam¬ 
ing does not do so. 

It is unlikely that oxygen in itself causes hemolysis, since we found essen¬ 
tially the same Amines Avhen either pure oxygen or room air Avas used. 

Several factors exert an influence in the proportion of hemoglobin lib¬ 
erated from the plasma by trauma. The percentage volume of red blood cells 
Avas found to have a decided influence. The condition of the donor blood, 
especially if it Avas draAvii from more than one donor, or Avas stored, certainly 
may make the blood more or less susceptible to hemolysis. This is obAuous not 
only in increased concentrations of hemoglobin in the plasma of the control 
sample; there is also the possibility that these erythrocytes are more likely to 
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be affectctl liy trauma. It is known tliat colic.sion of erythrocytes, .spheroidicity, 
changes in the .strength of the membrane and heating to 52° to 58° C. defi¬ 
nitely increase the mechanical fragility of erythrocytes.''’ 

Consideration .should be given to the po.ssibility that large amounts of 
])la.sma hemoglobin arc removed from the blood by the subject during whole- 
body pe7’fnsion if the pump-o.xygenator ])roducc.s high hemolysis. The mecha¬ 
nism of elimination of hemoglobin from the plasma in the blood .stream has 
been studied by many investigatoi-.s.'''''’ Three jJossibilities are recognized. 
After in,icotion of solutions of hemoglobin into the blood stream, the plasma 
hemoglobin is quickly picked up by the cells of the rctieulo-endothelial .system, 
where it is broken down and transformed to bile pigments. This is the only 
mechanism involved if the eoneenti’ation of hemoglobin in the plasma stays 
below a certain level. Above this level, hemoglobin is also excreted through 
the kidneys. A third way for the elimination of intravascular free hemoglobin 
wa.s suggested by Fairley." He .showed that at higher levels the hemoglobin 
could 1)0 eatabolizod directly in the blood stream with the formation of 
methcmalbumin. 

The renal threshold for hemoglobin in human beings is in the neighbor¬ 
hood of 133 to 250 mg. per 100 c.c. of plasma.'’’ For dogs it has been 
found in the range of 100 to 210 mg. per 100 c.e.''""’ Once hemoglobinuria has 
stai’tod, it may continue until the concentration has decreased to 30 to 50 mg. 
per 100 c.c. of plasma.'® The renal clearance of hemoglobin has been found to 
lie between 3 and 6 mg. per 100 e.c. of plasma per minute, if the concentration 
of hemoglobin is 2.30 mg. per 100 e.c. of plasma.'* Bui’ing ■whole-body perfusion 
these rclatiomships may be altered, for renal blood flow and renal function are 
closely related to the rate of perfusion and aoi’tic mean i)re.ssure." 

Bethard and Plzak" in.icoted radioactive labeled solutions of hemoglobin 
into nephreetomized rats and found that the rates for clearance of the injected 
material from the ])la.sma in the nci)hrectomized animals were 30 to 40 per 
cent of those in normal controls. Plink*" estimated that after the injection of 
1 Gm. of hemoglobin per kilogram of body weight in dogs, 60 to 7o ])er cent 
was destroyed by the reticulo-endothelial system. 

The reticulo-endothelial .system certainly is capable of cleai’ing large 
amounts of hemoglobin fi’oni the plasma, as can bo seen in patients who have 
“acholuric” jaundice, in which the total hemoglobin of the body is disposed 
of within a few days and up to 10 Gm. of hemoglobin is de.stroyed in 1 day 
without the aiipoaranee of hemoglobin in the ui’ine. The reticulo-endothelial 
colls of the spleen, liver, and bone marrow probably are the main foci foi’the 
destnictioii of hemoglobin, but the reticulo-endothelial system of the whole 
body takes part in the process, so that large amounts of free hemoglobin are 
cleared fi’om the blood stream within seconds or minutes. 

An increase in bilirubin in the plasma should be expected and has been 
proved to oceui’ ■within 30 minutes after the injection of solutions of hemo¬ 
globin into human beings.*' “ The life span of bilirubin molecules in the plasma 
is thought to be appro.ximately 90 minutes." 
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The above-mentioned data allow the following intei’pretation of the fate 
of plasma hemoglobin in our experiments. 

Quantities of up to 350 rag. of free hemoglobin per 100 c.c. of plasma are 
produced in 1 hour bj' the pump-oxj'genator studied. If there is a subject in 
perfusion during this time, the failure of free hemoglobin levels in the plasma 
to rise is most likely caused by the action of the retieulo-endothelial system. 
Since concentrations of hemoglobin remained below 50 mg. per 100 c.c. of 
plasma, excretion through the kidneys is unlikely, especiallj’- if a reduction in 
renal blood flow occurs during perfusion. 

If it is assumed that the animal removes hemoglobin from the blood at a 
rate of 300 mg. per 100 c.c. of plasma per hour, the clearance of hemoglobin 
would be 5.0 mg. of hemoglobin per 100 c.c. of plasma per minute. 

The clinical sequelae of hemoglobinemia of moderate degree have been 
described as consisting of chills, fever, abdominal cramps, and vomiting.” Only 
at high levels Avould hemoglobinuria result and enhance the dangers of anuria, 
either by obstruction of the renal tubules by ea.sts and debris of hemoglobin 
or its derivatives,^"' or on the basis of renal vasoconstriction induced by the 
presence of extraeorpuscular hemoglobin.*'' Hyperbilirubinemia may lead to 
jaundice if 300 to 500 c.c of blood is completely hemolyzed within a few hours."* 

It seems that hemoglobinemia and an increased uptake of hemoglobin as 
encountered in our experiments would cause little damage to the subject, ex¬ 
cept perhaps for a certain degree of fever. However, the increase in hemo¬ 
globin in the plasma is an index of deleterious action on the blood, and other 
faetors may be of greater clinical importance. It can be expected that, with 
the liberation of hemoglobin from red blood cells, a corresponding amount of 
red-cell stromata is released. This poorly defined substance has been said to 
be responsible for moi-e serious sequelae of hemolysis. Barratt and Yorke'** 
described the lethal character of red-cell stromata after these workers injected 
relatively small amounts of the material into rabbits, whereas injection of 
purified solutions of hemoglobin, even in large amounts, produced no or only 
slight effects. Peripheral vascular dilatation resulting in hypotension, brady¬ 
cardia, and impaired cardiac conduction with heait block have been attribided 
to adenosine triphosphate and related compounds set free within 15 to 30 sec¬ 
onds when red blood cells are destroyed. Deyrup'*" showed that quantities of 
adenosine derivatives from about 3 to 18 per cent of the erythrocytes hemo¬ 
lyzed in a given sample of blood produce .significant hypotensive states, and 
that postoperative shock has been recognized as a possible complication after 
hemolysis.*®"** 

Disturbances in the blood-clotting mechanism also have been attributed to 
hemolysis. Barratt and Yorke*" thought these disturbances to be due to intra¬ 
vascular separation of fibrin in the blood vessels. Fogelman and eo-Avorkers** 
reported marked prolongation of the coagulation time in 5 of 9 animals Avhen 
high degrees of hemolysis Avere produced. 
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SUM-M \R\ 

It IS suggested that the homol^sls Minch occius m the application of a pump 
ox-vgcnatoi system should l)c tested foi the pump om genatoi cacuit piopci 
Mithout a subicet in pei fusion 

Coiupaiatn t expeiiments -with a plastic sheet bubble o\>gonatoi ha\e been 
earned out The pump oxjgonatoi s\stem Mithm 1 hoin produced hemolysis 
usulting m a coiieentiatiou of 350 mg of hemoglolnn pei 100 ec of plasma 
and 500 mg pei 100 cc Mithin 2 hoin*s Mhcn 2,000 c c of lecentlj diaMii, 
hcpaiini/td canine blood Mas cneulatcd at a pump late of flow of 550 c c pei 
minute and a flow of o\> gen of 2 h pei minute "With an animal in the ciieuit 
the concentiation ot hcmoglobiu did not ineiense moie than 30 mg pei 100 
c c of plasma in 1 houi 

The mam factoi m the pioduetioii of hemoljsis m this appaiatus nuTv be 
the oxygen jets Minch cause tinbiilent floMS in the bubble chambei 

The lesulting ph^siopatliologic consequences aie discussed It is assumed 
that dining mIioIc bodi pcihision the letieulo endothelial system eontiniiously 
lemoscs hemoglobin m the plasma fiom the blood sticnm at oppioximatelj the 
same late as the hemoglobin is pioduced The latc of cleainnce Mas established 
to be applOXlmate]^ 5 mg poi 100 cc of plasma pei minute 
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EXPERIMENTAL CORONARY ARTERIOGRAPHY 

Sven Bellman, ALD.,* and Howard A. Prank, Ai.D., Boston, Mass. 


I N THE TKEATMENT of coi'oiiaiy disease, improvement of flow tiirougli ocelticled 
■\-cssels miglit in eortain circiimstaiices be i)ossil)lo by surgical restoration of 
patency. Tliis approach is being investigated in many laboratories and has 
had limited clinical trial. Basic to any promise of sncoess is a method for the 
accurate delineation of occluded and open vessels. .Several methods for e.vperi- 
montal''"’ and elinieaP’ ”■ ■“* coronary arteriography have been designed. 
Tlie.se, in the main, utilize radiopaque material introduced into the first part 
of the aorta by direct puncture"’or via a tube in a peripheral artery. 
Tomporniy occlusion of the aorta by an inflated balloon increa.sos the pene¬ 
tration of the contra.st material into the coronary system." 

'Die technique to be described below was not designed primarily for 
clinical use, but rather to attain the best possible delineation of fine coronary 
branches for studies of the evolution of collateral circulation. Uniform dis¬ 
tribution of contrast medium in high concentration within the coronaiy 
arteries has been obtained by a method of retrograde injection, developed in 
earlier work on other \'ascular beds,"’ which provides nearly complete dis¬ 
placement of blood by contrast medium during the instant of taking the radio¬ 
gram. 'The need to c.xpose the heart for the injection of contrast material 
is not considered a disadvantage since the method is intended for use in eon- 
iioction with sui'gical procedures upon the coronary vessels. 


JIATKSI.M, AND JIETHODS 


Animals .—Die experiments were performed upon 31 adult male and non- 
pregnant female mongrel dogs, weighing between 18 and 31 Kg. 

Technique ,—The animals were anesthetized with Nembutal given intra¬ 
venously. Lung inflation was maintained by intratracheal tube. The left chest 
was opened through the fifth interepacc and the heart was exposed through a 
longitudinal incision in the pericardium, anterior to the phrenic nerve. 

A small primary or secondary branch of the anterior descending coron.'irv 
artery leading over the surface of the left vcntn’cle, not far below the atrio- 
ventrioular sulcus, was isolated and incised for caumilafion (Fig. D- th'sial 
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Fig-. 1.—Photographs of stages in tlie cannulation of a coronary branch for arteriography 
in a dog. 

A, Left surface of the heart sliowing upper portion of the anterior descending coronar.v 
artery its branches, and accompanying veins close to tlie atrioventricular sulcus. The left 
auricular appendage is shown in the right upper corner of the photograph. At the left lower 
corner a gauze-covered Anger makes downward pressure to e.xpose the branch to be cannulated 
(arrow). B shows the coronary branch during its isolation and C the cannula tied into the 
vessel. 


Tolerance to the injection of nndiluted contrast material into the left 
coronary sj'^steni was tested in three preliminary expei’iments by repeated in¬ 
jection of 10 c.c. volumes of Tlypaque'* while the exposed heart was kept under 
observation. 

Angiograms were done in 18 dogs. In these experiments the polyethylene 
tube was led ottt through the pericardium and the sixth interspace anteriorly 
or posteriorly and the chest was closed for ti'ansfer of the animal to the X-ray 
Department.! The left chest wall was placed directly upon the x-ray cassette. 
Standard radiological equiimient and x-ray filmj; Avere used. Ten cubic centi- 
metere of contrast medium was injected rapidly by hand (3 to 5 seconds) us¬ 
ing a 10 c.c. syringe and a one-meter length of AAude tubing connected to the 


•Wintltrop Laboratories, New York IS, N. Y, 

tAVe are grateful to Dr. Felix Fleischner, Chief of the Department of Radiology, for 
his advice and cooperation, and to Mr. Loui.<5 Baizman for technical assistance. 
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fine polyethylene tube. Ju.st before completion of the injection the radiogram 
was taken at 4G-G0 kV., 400 niA., and %o second. The focus to film distance was 
90 cm. An intensifying screen was used, but no grid. One to 5 arteriograms 
wci-e taken in each dog at intervahs of 5 to 15 minutes, each exposure with a 
separate injection of contra.st material. 

For stereoscopic views, additional artenograms were taken witli the tube 
moved 3 to 5 cm. horizontally. 

A few serial angiograms* were taken with a rapid cassette changer and an 
impulse timer', using 90 kY., 700 inA., and 1.5 milliseconds. Uj) to 20 exposures 
were obtained at a I'ate of 3 per second, before, during, and just after the in¬ 
jection of contrast material. 

The standard technique for a .single angiogram prior to a procedure U])on 
a coronai-j' .artei-j- hs completed by reniov.al of the catheter and ligation of the 
incised branch. Most of the pre.sont expcHmcnts were terminated at thi.s point. 
A number of the dogs were .sacrificed at once and the hearts excised for 
detailed stereoradiographic study of the coronary pattern. The coronary 
artoric.s were injeeted ;rith Micropaque (40 per cent au.s])ension in 2.5 ])or cent 
solution of gelatin in water) introduced into the left coronary system through 
the cannulated branch after suture clo.surc of the left coronary ostium, and 
into the right coronaiy system through a cannula in the right coronary ostium. 

In a few experiments the tube was left in place, its outer end tied and 
covered with a drcssiiig. The lumen was cleared with a small quantit.v of 
heparin at intcivals ranging from 1 day to 1 week, and arteriograms wore 
taken weekly. Aseptic tcchi\iquc was used whenever the experiments were 
to be carried beyond the day of cannulation. 

Eleotrocardiographio recording was carried out during the cannulation 
and injection of contrast material in 7 dogs, and the myocardium was subse¬ 
quently studied histologically for evidence of injmy due to ischemia or chemi¬ 
cal trauma. These tests were carried out with tube sizes PB 90 to 100. 


RESULTS 

The injection of three 10 c.c. doses of Il.vpaqne in rapid succession produced 
no change in heart action in any of the 3 dogs tested except for a transitory slow¬ 
ing in the rate. A fourth injection given iinmcdiately thereafter led to ventricu¬ 
lar fibrillation in 2 of the dogs. 

The procedure was tolerated well in the angiogiap iic cxj)oiinicut.s. Intervals 
of 5 minutes or longer wore maintained betwmi jnjections of contrast material 
and 17 of 18 dogs received 42 injections without evident ill effect. One dog 
died a minute or two after completion of an initial iioection, probably of ven¬ 
tricular fibrillation. Anesthesia in this case had been maintained for .something 
over 3 hours and there was eWdenee that the dog was anoxic at the time of 

"'^"Eleetrocardionraphic „)i.servations demonstrated T-ivave depression begin¬ 
ning 2 ^ondsaft'te start of the injection. By ihe end of the injecti^ 
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(3 to 5 seconds) the T waves were strongly negative. At this time the heai’t 
rate slowed somewhat. Return toward normal began within 1 second after 
termination of the injection and was complete within 30 to 60 seconds. Simi¬ 
lar changes were seen when physiologic saline solution was injected instead of 
Hypaque. Ventricular fibrillation terminated a scries of injections in 2 of 
these electrocardiographic control experiments. In both cases, this occurred 
during a period of induced general anoxia, produced by reduction in pulmo¬ 
nary Amntilation until electrocardiographic evidence of myocardial anoxia 
appeared. In one, the injection peidod was also prolonged. Defibrillation was 
readily accomplished by electric shock. 

Hand injection of contrast medium through tubes smaller than PE 90 
proceeded too slowly to provide the desired concentration within the coronary 
arteries. Although the medium was distributed well through the branches of 
the left coronaiy arteiy the photographic contrast was poor. Injection through 
tubes PE 90 to 100 was rapid enough to permit quite complete displacement of 
blood by contrast medium and no advantage was gained by using larger tubes. 
The sacrifice of a eoronaiy branch just able to accommodate a PE 90 to 100 
tube produced no color change on the surface of the heart in most exijeriments. 
In 2 dogs, the cannulated branch was unusually distant from neighboring 
branches and a small area of cyanosis appeared. The cyanosis had largely 
cleared by the time of closure of the pericardium. Cannulation produced no 
change in cardiac rhythm and only an occasional slight and transitory down¬ 
ward deflection in T wave. However, a small intramural infarct was iisually 
found upon histologic examination of the tissue supplied by the sacrificed 
branch. The zone of myocardial injury did not in any case exceed 5 to 10 mm. 
in length and 3 to 5 mm. in greatest ti’ansverse diameter. Histologic examina¬ 
tion of coronary vessels and myocardium away from the site of ligation shoAved 
no cAddence of injury. 

The post-mortem angiograms slunved that the in vivo delineation of the 
left coronary system Avas complete A\dthiu the size range of the branches demon¬ 
strated by the method (Fig. 3) and confirmed the localization and identification 
of the branches given by the in vivo stereo-angiograms. The smallest vessels 
clearly visualized in vivo measured 0.2 mm. in diameter in the post-mortem 
specimen. 

The standard single-exposure arteriograms regularly shoAved extensive 
contrast filling of the left coronary system; the distribution of the circumflex 
and septal arteries being shoAvn as Avell as that of the anterior descending 
coronary arteiy. Definition Avas good. Sometimes the A’essel outlines, either 
at the apex or at the base of the heart, Avere not entirely sharp, but quite often 
the entire distribution of the left coronary artery Avas sharply visualized so 
that branches of the third order could readily be made out (Fig. 4). The pat¬ 
tern of the left coronary system AA'as reproduced Avell in repeated angiograms, 
Avith some A’ariation only in the extent of outlining of branches of the third 
order. The cannulated branch beyond the point of ligation Aims not visualized 
in the initial angiograms. 



Flff. 2.—Stereoscopic coronary arteiiopmms reduced in size. The second exposure is 
obtained with a second Injection of contrast meOIiitu. 

The polyclhyJonc cannula enters a small coronary branch: u slight blur of extravasated 
contrast medium In tlie region of dissection Indicates the place of cannulntion. The poIyctliyJ- 
eno tube runs Jn a loop In the left chest; It has moved slightly with the respiration of the ani¬ 
mal between exposures and therefore gives a false impression of Its deptJi location. 

Tho loft circumnex (Ic.c.n,), the anterior descending (o.rf.c.o.), and the septal artery 
(e.n.) arc Indicated In the illustration. Ko contrast material is seen in the aortic bulb in 
either exposure and tlic riglit coronary artery Is not visible. 



Pig. 3.—Coror"—* . ‘ (A) and post mortem (S). TJie markers Indicate 

the rigljt coronao' " • ■ ■ * de.scending (2), septal (3), and circumflex (4) 

branches of tlie J<, , ■ ' the septal arterj' lies within the left 

coronary ostium. • ■ ■ ■ ■ 'tlcaliy across the heart In w4 has been cut short 

in IJ. A second ca- ' ■ ' coron.afy' ostium Is .seen in i?. 

The air-fllled cavity of the right ventricle shows In B between the right coronary and 
septal arteries. The arch of the aorta may be seen, containing contrast material In A and 
air In J5. 
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, 1 in 'I normal do&. taken by the technique 

4. — Coronary arteriogram, slightly enlarged. a greater than in the serial 

described for single angiograms. The i in °]ateral view with its left aspect toward 

angiograms (Figs. 2 and 5). tube at a point of subdivision of a corona y 

the film. The site of insertion of the polyethjlene tune ac 

branch is marked by the arrow. oven Arborizations of the third 

The contrast filling of the left coronary system is vesseis are also seen, 

order to the ventricular myocardium can be distingu shecl^,^ somewhat 

Tlie right coronary artery and severai of its arPorizacioi 

uneven contrast. The cardiac veins are not outlined. sinuses of Valsalva are w'ell 

The aortic bulb is well filled with contrast matf cial. MI toree 
outlined. The contrast is irregular in the arch of the aorta an 
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was shown by the width of the space between the colninn of contrast medium 
within the lumen and the negative shadow of periaortic fat and areolar tissue. 

The right coronary artery was delineated to some extent in most arterio¬ 
grams, but usually in discontinuous segments, in relation to the discontinuous 
entry of contrast medium from the root of the aorta. Even when the arboriza¬ 
tion of the right coronary artery was shown quite extensively, the photographic 
contrast was low (Fig. 4). 

Cardiac veins were visualized in most single angiograms. Serial angio¬ 
grams showed the first signs of venous delineation within 1.5 seconds of the 
start of the injection. Contrast filling of the veins increased during the re¬ 
mainder of the injection period, and persisted while the arterial contrast dis¬ 
appeared during the 2 or 3 seconds followed in serial radiograms after the com¬ 
pletion of the injection. The main cardiac veins and their first and second 
order tributaries could be distinguished (Fig. 5), but photographic contrast 
was never as high as in the images of the arteries. 

A faint haze due to capillary leakage often appeared in the area of dissec¬ 
tion of the cannulated coronary branch, but this did not intei’fere significantly 
with the delineation of the vascular pattern. 

When the catheter was left in situ, patency and free bleeding could be 
maintained without undue inconvenience for about 2 weeks. Then the last few 
millimeters of the tube became occluded by clot formation. Clotting did not 
extend into the vessel. The tube lumen could usually be cleared by the injec¬ 
tion of saline, and the dislodged clot could then be identified in subsequent 
arteriograms as an embolus in the terminal distribution of the anterior descend¬ 
ing coronary artery, unless the saline was injected sufficiently forcefully to 
eject the clot into the aorta. Clotting, undue embolization, or the development 
of leakage at the point of cannulation brought these experiments to an end. 
Repeated arteriograms dui-ing this period showed excellent reproducibility of 
the initial pattern apart from the small clots introduced. There was no evi¬ 
dence of thrombosis in consequence of the repeated injections of Hypaque and 
no visible collateral branches were stimulated by the procedure. The portion 
of the cannulated branch beyond the site of ligation could occasionally be seen 
in arteriograms taken after 1 week. 

DISCUSSION 

The surgical trauma involved in a direct approach to the heart for coronary 
angiography is no doubt greater than that of retrograde catheterization of the 
aorta. However, as stated at the outset, this method was developed for use in 
association with experimental procedures which in themselves require exposure 
of the heart. Suitable x-ray equipment in the experimental laboratory permits 
the taking of angiograms while the chest is open. Besides being convenient for 
decannulation, the open chest is an advantage in dealing with the occasional 
occurrence of ventricular fibrillation. 

The introduction of contrast medium into the coronary A’^essels provoked 
slowing of the heart rate and T-wave changes, as has been observed during 



Volume J6 
Numlwr I 


EXPERnrENTAL CORONARY ARTERrOGRAPHY 


41 


coronary iingio<rrapby via (ho aor(a. It is not certain to what extent this is a 
cliemieal injury or .sinii)Iy due to (lis])lacomcnt of lilood. The latter ineehanism 
is suggested I)y the quite similar electrocardiographic changes we produced by 
injecting saline. However, even if the injection of llypaque also introduced 
an eleinont of chemical trauma, the electrocardiographic changes wore transi¬ 
tory and no evidence of lasting damage was found on histologic study. Hy- 
paque has been left within coronary arteries by othei's during periods of car¬ 
diac arrest exceeding 1 hour without evidence of harm.“° 

The main hazard of coronary arteriography appears to be the risk of pro¬ 
ducing ventricular fibrillation during or just after the injection of contra.st 
medium. Systemic anoxia due to poor respiratory exchange, and local anoxia 


due to prolongation of the injection i)eriod undoubtedly inci’ease this i-isk. 
The amount of contrast material injeeted and the period of displacement of 
blood fz'om the left eoi’onary system ean be reduced; the serial angiograms 
.showed optinml filling and contrast by the time 2 to 3 c.c. of contrast mateiial 
had been injeeted. For suece.ssful single exposures with a small amount of 
contrast medium, the x-ray unit must be tiiggcrod by a mechanism synchz nniz- 
ing the expo.sure with the brief period of contra.st filling of the ve.s.sels.* 

The ligation of the eoi'onary branch used for injection I’egularly caused 
.some myocardial damage in spite of the extensive backflow noted at oanmila- 
tion. These collateral connections ajqzarently increased in function after the 
ligation, because the distal portion of the branch sometimes appeared in angio¬ 
grams taken a week or more after canmilation, although the collateral vessels 
themselves never became large enough to be seen in in vivo angiograms. The 


saci’ifice of a branch for eannulation is I'cadily woi’ked into an expei’imcnt on 
the development of eoronai'y collaterals, but may otherwise be a disadvantage, 

AVhat recommends the method is the high quality of the angiogi’ams ob¬ 
tained, using standard I'adiographic equipment. .Single-exposure ai-teriograms 
delineated the coronaiy arterial vessels almost to the limit of naked-eye resolu¬ 
tion, i.e,, to 0.2 mm, in diameter, as measiu'ed in the post-mortem injection. 
There was little variation in the in vivo pattern visualized in repeated angio- 
gi'ams dui'ing a single sitting. The physical basis of the method gives reason 
to expect this reproducibility. The only variation obseiwed was m branches at 
the limit of in vivo visualization; this was probably a variation in definition 
due to cardiac and respiratory motion rather than a time change in vessel 
diameter. Comparison of in vivo angiograms with the more de ailed studies 
in the excised hearts gave further confidence in the re .ability of the_ method. 
The injection of contrast material in itself did not provoke any change in vascu¬ 
lar patteim or lead to the closing or opening of vessels of he size visualized. 

Arteriography by retrograde injection through a distal branch depends 
upon the arterial prelsurc of the living animal to oppose backflow of contrast 
medium and ensJe filling of the system under I" a nonliving 

ll.e contrast material would flow through the n,ec n^h and the st: 

.«1 and would then be high to aecc 
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column by jets of blood from the aorta. Some contrast medium is therefore 
lost into the aorta, but filling of all branches of the left coronary artery is 
ensured, including those which arise within the coronary ostium, as a largo 
septal branch not infrequently does (see Fig. 3). 

The pi’esent work was applied to the left coronaiy system. Some visual¬ 
ization of the right coronary artery was usually also obtained, but it was too 
fragmentary and unpredictable to be useful. However, if the major interest 
lies in the right coronaiy system, a bi’anch of the right coronary artery can be 
selected for the injection. 

The stereoscopic views were taken by successive exposures and did not 
always catch identical phases of injection, i-espiration, or cardiac action. These 
were not, therefore, true stereo-pairs in a photograminetric sense. However, 
they could be vierved comfortably in a mirror stereoscope and the irregulari¬ 
ties observed did not interfere with the identification of the vessels examined. 

The method in general seems suitable for its intended purpose of delineat¬ 
ing coronary arteries in association Avith experimental procedures requiring a 
tlirect approach to the heart. Its definition is sufficient, for example, to demon¬ 
strate the major Amseular pattern prior to the application of a procedure 
designed to augment coronary collaterals. The method can provide repeated 
observations in vivo. It may be possible to utilize single angiogi’ains of this 
kind clinically, in association Avith direct surgical procedures upon the coro¬ 
nary arteries, particularly if the branch used for injection can be saved by 
immediate removal of the cannula or needle or by the ineorpoi-ation of that 
branch in the vascular reconstruction. 

SUMMARY 

A method is described for coronaiy angiography in the surgically exposed 
heart of the dog, using standard radiographic equipment. The method Avas 
designed to provide a detailed in A-ivo demonstration of the pattern of the left 
(or the right) coronary artery immediately prior to a direct experimental or 
surgical procedure upon the coronary vessels. The angiographic method A\ms 
tolerated Avell. Coronary branches Avere reliably delineated doA\m to third 
order divisions, corresponding to a diameter of approximately 0.2 mm. 
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AORTO-ESOPHAGEAL FISTULA: A LATE COMPLICATION 
FOLLOWING INSERTION OF A HUFNAGEL VALVE 

C, Frederick Kittle, Ai.D.,* Katisas City, Kansas 

T he exsanguination of a patient due to an aorto-esophageal fistula 22 months 
after insertion of a Hufnagel valve warrants attention being directed to this 
complication. Since the initial report of Hufnagel/ this type of prosthesis has 
been utilized in numerous clinics to palliate the sufferings of a patient with 
severe aortic insufficiency. Several complications have been recognized incident 
to this procedure and include septicemia, aneurysm formation at the site of 
aortic transection, and embolism secondary to thrombosis in proximity to the 
prosthesis. 

The following ease report describes a delayed complication not heretofore 
noted. 

CASE REPOKT 

C. A., a 32'year-old white man, entered the University of Kansas Medical Center on 
April 23, 1954, with a heart murmur first discovered in 3938. TJiere was no definite history 
of rheumatic fever. 

He had been well until August, 1948, when he had an upper respiratory infection fol¬ 
lowed by recurrent episodes of weakness, fever, a productive cough, a sense of tightness in 
the upper chest, headache, anorexia, and night sweats. These symptoms caused his admission 
to the Veterans Hospital in Los Angeles in 1949. 

The physical findings and his subsequent hospital course were compatible with subacute 
bacterial endocarditis superimposed on rheumatic heart disease. He was maintained on mas¬ 
sive antibiotics (penicillin, streptomycin, and Aureomycin) for 13 weeks. At the time of dis¬ 
missal he complained of mild dyspnea and a pre.ssing substcrnal pain radiating down both arms. 

He was readmitted in 1950 because of recurrent febrile episodes. From 1950 to 1952, 
he was relatively asymptomatic. In 1952, he had attacks of giddiness and S 3 Ticope, resulting 
in loss of consciousness. Episodes of substernal and prccordial chest pain radiating to the 
neck and the ulnar distribution of the left arm became more frequent. These pains wore 
variously described as sharp, dull, or "pressure-like.” They wore unrelated to exertion, oc¬ 
curred frequently at night, and were not relieved by nitroglycerin. Ankle edema was noted 
during the several months previous to hospitalization in 1954. 

Physical examination, when admitted to the University of Kansas Medical Center in 
1954, disclosed a blood pressure of 154/40 mm. Hg. Tlie heart had a normal sinus rhythm 
and was enlarged to the left with a diffuse apical impulse in the fifth interspace at the an¬ 
terior axillary line. Over the aortic area a Grade II sj'stolic thrill was palpable, and a Grade 
IV harsh systolic and a Grade III diastolic murmur could be heard. Those murmurs were 
transmitted over the entire precordium and were of Grade II intensity at the apex. There 
was a Corrigan pulse. The lung fields were clear to percussion and auscultation. The liver was 
palpable 3 cm. below the right costal border and was not tender. No ankle edema was noted. 

From the Department.s of Surfrerv The University of Kan.sas Medical Center, Kansas 
City, Kan-sas, and the Veterans Administration Ho-spital. Kan.sas City, Mo. 

Received for publication Jan. 17. 105S. 

*Markle .Scliolar in Medical Sciences. 


44 



\ olume V 
N mler 1 


A-OUTO FSOPHAGEAL FISTULA. 


45 


riuoro«(OjH showed tlio honrt to be enlarged, *iml ‘‘boot «5hapcd^’ with marked hjpor 
troph} of the left \cntTiLlc and i cUaraiice angle of over hO degree'^ Blcctrocardiogr ims 
showtd left ^entrleuhl^ hypertrophy Other routine liboriifor\ studios were withm nornnl 
\ tines ineluding tests to determine rheunutic actmt\ 

Because of tho patient’s ineapneity uid tlie progress of his s>niptoin3 during the past 
several years a Hufnagcl procedure was advised This was done on April 30, 1954, with Oc 
tlusion of tJio thorieie aorta for 7 tiiinutos and 50 seconds He tolerated the operatiou well 
and was dismissed after an uneventful lecovery for further eonv ilesconce in tho Aeteiaiis 
Vdministrition Hospitil His onU eoinplaint was that of incisional pun, appnrentlv' distinct 
from the angin i prov loualy noted 

Vostoperativcly, a decrease m the heart airc w is noted {Fig 1) 

Til (pisodcs of wtakness and svneope decreasetl miikedU roHovving disniissil from 
i1k Veter ms Hospital tlu p itient returnetl to woik wlicre he drove his own tniel and ni m iged 
a fruit marl et 



. , 1—Chest roentgenograms before and after Insertion of the Hufnapl valve TsTote 

ni kularlv the obvious reiluction In heart size postoperatlvelj an 1 the mediastinal shadow 
in the area of the Hufnagel \al\e Insertion 


Ihc eliest pam recurred, however, and w is described bv the patient is i feeling of pres 
sure from the substernal nrev i uliating down to both elbows It was not relieved by lutro 
glycerin 

He was readmitted to the Kansas Citv Veterans Administration Hospital on Feb 2, 195j, 
because of fever of 103" F and chest pain Blood studies disclosed a hemoglobin of 8 6 Gm 
per cent and a white cell count of 15,000 He was placed on various combinations of antibiot 
ICS and Benemid which did not result m cbnieal improvement, and subsequently were changed 
to Terramjcin, erythromycin, and missive doses of lemcillin During several weeks the tern 
perature gradually decreased to normal One blood culture was positive for hemolytic staphv 
lococci Tlie previous complaint of pam persisted but was controlled by the oril administra 
tion of codeine or Demerol He w is dismi'-sed on May 11, 1955 

From May until December lie was able to work but was again hospitalized on December 
15 with complaint of pain along the right costal border This pun did not occur with ever, 
tion and was constant in seventy and occurrence Ko dvspnea accompanied it, and the 
comfort did not suggest angma It was managed b\ phenubarbital, Reserpine, and t 
casional use of narcotics 
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On Jan. 2G, 1956, lie i\as admitted to the hospital for the last time with a history of 
a seveie pain for 5 days at the upper end of his sternum, radiating inferiorly. This had in¬ 
creased in frequency and severity, and was associated wdth dyspnea, nausea, and vomiting. 

Physical e.xamination disclosed an acutely ill patient with a temperature of 100° F., a 
white cell count of 11,800, and a hemoglobin of 13.6 6ni. per cent. A roentgenogram of 
the chest showed no changes from those noted in previous years. For the next 6 days he re 
rnained febrile and was given penicillin. Subsequently the pain in the chest increased and 
radiated to the mid-dorsal and lumbar areas, and to the right side of his chest. On Feb. 19, 
1956, his fever increased to 103° F. and was accompanied by upper abdominal pain. During 
the ne.\t 10 days he received penicillin and streptomycin. The severe pain in the lower part 
of his chest and upper abdomen persisted, accompanied by abdominal cramping and distentiorr. 
Over the course of the next 3 weeks the pain gradually disappeared and for several days he 
was relativelj' asymptomatic. On March 5, 1956, he had massive hematemesis treated by the 
administration of blood and dextran. A few hours after the first heniorihagc he had a second 
massire hematemesis and died, 22 months after insertion of the plastic aortic valve. 



p,g. 2 —Photograph of gross specimen showing the aorto-esophageal fistula and the esophageal 
ulceration A, aorta; E, esophagus ; Ifl, Hufnagel valve. 


Post-mortem Examination .*—free fluid was noted on opening into the pleural carities. 
The pericardial sac was intimately adherent to the epicaldium. At the first portion of the 
descending thoracic aorta a prominent mass was noted attached to the esophagus and trachea. 
Examination of the intestinal viscera showed them to be distended by dark blood. Ko other 
abnormalities of the abdominal viscera w'ere noted. 

The heart was removed in toto with the aorta, trachea, and the esophagus. It was 
grossly hypertrophied. The coronary arteries appeared noinial. 

Examination of the interior of the heart showed a shiny endocardium with rather 
marked hypertrophy of the papillary muscles and the trabeculae carneae of the left ■rentrrc e 
and to a lessor degree of the right ^entlicle. The cusps of the aortic vahe were sclerotic, 
thickened, and calcified, although the sinuses of Valsalva and the coronary orifices acre 


•I am indebted to Dr. James A. Turner, Chief, 
tion Hospital, Kansas City, Mo., for performing tire 
the microscopic findings 


Laboratory 

post-mortem 


Service, Veterans Administra- 
examination and interpreting 
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norm'll Tlie iiuoc'inlium of the left \entriclc nica'surcii 1(1 inni ind tlmt of the nglit 4 mm 
m thicknes'5 Tlie circumference'^ of tbc mhe** wen tricuspid 14 cm , juilmonic, 7 T tm , 
imtr'il, 10 5 cm , and tlie nortic, 7 cm 

The aorta u is dissected free from the preiiousU described mass its elasticity uas 
ucll presened uitliout \isible an is of atheromatosis The Hiifmgel uilie m m present in the 
lirst portion of the descending aorta although it liwl completcU lost its attachment proxinmlh 
with the aorta Its ittnchment uith the aorta distillj Mas int ict V thick fibrous membrane 
connected the proximal and distal portions of the lorta and eni eloped tin %al\c Upon 
opening the esophagus, soionl largo areas of uUeration at tlio leiel of the prosthetic lahe 
Mere noted (Fig 2) One of the ulcerations had perforated to communicate mtli the space 
betMoen the \al\o and its fibrous covering Here clotted blood and partialh organized 
thrombi Mere found Uelou the level of the prosthesis the aorta ippoarcd normil 

The lungs revealed a small amount of clotted blood in the bronchi and bronchioles 
The parenclivma was well aerated and clastic with a normal appeirance of the major blood 
vcs-sels 

Microscopic examination of the lorta disclosed a fistulous trict parti ilh filled bv 
laminated thrombus, surrountlol In prolifer iting fibroblasts A moderate amount of athcro 
sclerosis and adventitial inflamnntorj reaction was noted Evidence of old hemorrhage was 
indicated bv hcraosiderinophagis Sictions of the heart ami aortic valve showed endocardial 
thickening mild interstitial fibrosis of the mvocardiuin ind fibrocalcific clianges in the valve 
leaflets 

WtMEKT 

It appeals most liKoh tlmt tins patient <lcieloped a false aiieunsm at the 
piovimal point of mseition of flic Ilufnagel mho Tins might liasc ooeunerl as 
a dueet icsult of weakening of the aojtic nail due to eiosioii of the ngid piosthe 
sis A second possibihh is a smoldeiing infection in this legion with abscess 
foimation and flstiilmation to the esophagus The icpoafcd felinle bouts post 
operatnelv suggest an inflammaton pioccss although the miciosoopie evidence 
did not confiim this 

The benefit obtained hv this patient foi the eail> pait of Ins postopeiative 
eouise was coiisideiablo and enabled him to he cinplo:)ed gaiiifiillv lie also le 
mimed free from congestive hcait failure 

Expeiiences with the Ilufnagel tjpe of piostliesis have been vudclj divei 
gent Due to the fai advanced heart disease of the patients foi whom this is 
advnsed and the postopeiative complications, the pioeeduio eariies a significant 
moitalitv' and moihiditj’ The long terra results of those who suivive howevei 
have in most instances been judged as cicellcnt to good As stated bv Bland 
and Wheelei" m then account of 14 patients. “Thus, oui experience with the 
aitifieial valve has been satisfactoij in 40 pci cent of a small series of 14 patients 
Ill a few the results have been remaiKshlc to an extent that has encouiaged us 
and otheis to accept and to advise this phvsiologio compiomise fot those in 
senous diffieultv until a more piomising pioocduie is available ” 

Our own small senes of 10 patients is summarized in Table I Particulai 
attention should be noted to pstients 3, 8, 9, and 10 The first is liv mg, w ell, and 
vvoikmg dailj as a faimci The next patient suceessfullv completed a full tenn 
piegnanev without diffieultv while the hst 2 patients aie lolieved of tin 

ous svTnptoms of congestive faduic That such an iinfoii nipl 

an aoito esophageal fistula mav occiii 22 months after < 
must be evaluated in assessing the risk of this pi„ 
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Tabi/E I 


IXITIAES 

SEX 

1 AOE 

DIAONOSIS 

1 DATi; or 

I OI’EliATION 


1 

K. R. 

iM 

30 

Rlieum. II.D. 

April, 1094 

Uremic prcoporal iveJy; 
died renal failure on 
2nd post op, day 

2 

B. G. 

M 

33 

Rheum. II.D. 

April, 1094 

Died 27sl day jmsfop. 
of septicemia 

3 

R. M. 

M 

02 

Rheum. ir.D. 

May, 1094 

Living and well; ivorks 
daily as farmer 

4 

C. Z. 

M 

23 

fthoiirn. H.D. 

.Inly, 1094 

Died during anesthetic 
induction 

r, 

R.S. 

M 

03 

Syphilitic H.D. 

.July, 1094 

Died loth day post op. 
from mesoiitcrir cm- 
holu.s 

r, 

B. AA^A 

M 

33 

jraifan ’.s D. 

Atareh, 1099 

Died 4 month,s jmsloj). 

7 

C. M. 

F 

44 

Syphilitic H.D. 

JAtarch, 1099 

Good re.sult, Imt died 7 
mofitlis poslop. from 
ernjiyema of giill 
Idadder 

8 

C. G. 

F 

W 

Rheum. H.D. 

Ajiril, I09() 

Living and well; Imd 
fnll-tcrm normal 
jiregimncy 

9 

M. Jr, 

P 

90 

Rlioiim. ir.D. 

Sept., 1090 

Living and well 

10 

R.T, 

M 

21 

Rheum. Tf.l). 

Dec., 1960 

Living and widl; 
working daily 


.sfitisIVir-tory method ean he dcvi.sed for the direct eorreclioii of aortic valvular 
deformity or for the insertion of a new competent aortic valve of some type, 
tlie Ilufnagel prosthesis appeaj-s to offer npprccinhle palliation for tlic j)atient 
Avith severe aortic insufficiency. 

SUAIMAUy 

1. A .32-year-old Avhitc man with .severe aortic insufficiency duo to rheumatic 
heart disoa.se was .suh,iectcd to operation with insertion of a Ilufnagel type of 
prosthetic valve. Appreciable objective and subjective benefit resulted jiost- 
opi'ratively. 

2. Twenty-two months post operatively, after .'3 days of acute illness, he 
suddenly died Avith massive hematcincsis from an aorto-esophageal fistula at the 
proximal site of the prosthetic vah'c insci'tion. 
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RESECTION OF CARCINOMA OF THE MID-THORACIC 
ESOPHAGUS WITH PRIMARY ANASTOMOSIS 

A Report of 4 Cases, and One 9 y 2 -Year Cure 

IK AUnslei Kuiikel, AID, and Paul A Kunkel, AID , Haii/sbuig, Pa 


I T IS common knonlodge that the piognosis foi cnicinoma of the esophagus 
aho\t the eaidn appioiehes rtio So tnie is tins that one ■hcII known 
esophageal suigeon has stated jokingh that if lie weio afllictcd with the dis 
case, he would insist onlj on peiiodic dilatations to ensiiie the steadj flow of 
ethanol iiom his phaiinix to his stomaeli' At lohns Hopkins tlitie Ins ne\ei 
Ijcen a 5 seal siinnal legardless of the le\el ot the lesion’'’ In 1051, the 
dean ot csophagoil suigen, Sweet lepoited 145 oases ot mid thoiaeic car 
cinonia followed toi 5 \oais with oiiK 2 suisnois’* Ottici reports attest to 
the iiiadequaer of suigioal methods m effecting significant cm cs " “ ” 

Actualh the most oncouiagiiig itsiilts hare been icpoited bj tho ladiolo 
gists,’ 5 < > ’■ but oren with supeiioi statistics thej liaio demonstiated con 
summate icluctaiice in suggesting that ther should thcicfoic assume this pioblem 
It would be lopctitious to emimciatc the luiidamcntnl nnatoniic tacts which 
lendci caicinoma of the mid esophagus hopeless One has onb to glance at 
a cioss section ot the tlioias to loali/e that an aderpinto cmcei opoiation is 
impossible The cine ol the iiidiMdual caicinomi of the mid thoiacic esopha 
gus IS a mattci of luck The management of the indnidual case is an cseieise 
in common sense 

AVith this in mind wc wcie attiacted to the idea of lestoiing eontiniiitr 
b\ the simplest and least traumatic siiigical nitsiis piiman anastomosis Such 
a technique oinioush limits the extent of lescctioii and is, theietoie, subiect 
to the ciitieism of disiegaiding siibmiieosal spiead ” Conrersch, it mar be 
aigucd tint those patients with siibmuoosai extension aie alieadr berond the 
cuiatne stage and that thcicfoic a palliatne pioecduic to lestoio deglutition 
piompth is the thciapr of choice 

In anx erent, the iollowing descnptmiis icpicsent oui expeiience with 
tins opciation 


CASE REPORT 


Case 1-A oSjearoM wlute H-o-risburg Hosp.p,] on 

Maj 18, 1948, with the chief conipl“>"‘ ef 1 •ilthonr-l''l'’ “aa'lis 'he hid 

had progmseive d.ffieuU, 


Receh ed for publlc'itlon 


21 1957 
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Her general health was otlierwise good and she had no significant complaints. She had a 
good appetite. Her past medical history revealed that in 1934 she had undergone a left simple 
mastectomy for chronic cystic mastitis, and a supravaginal hysterectomy for fibroids. In 1939 
the right breast was amputated for cystic mastitis. The familj' history was noncontributory. 

On May 21, 1948, esophagoscopy demonstrated a mid-esophageal bleeding friable tumor, 
biopsy of w'hich was diagnosed as a Grade III squamous-cell carcinoma. The red cell count was 
4.22 million per cubic millimeter, white cell count 5,700 per cubic millimeter with a normal 
dilferential count. Hemoglobin was 12.6 Gm. or 84 per cent. Urinalysis was normal, except 
for a trace of albumin. 

On the fourth of June, a left thoraetomy was performed tlirough the periosteal bed of 
the resected sixth rib. The lung was not adherent. On exposing the esophagus, a hard nodular 
lesion approximately 2 inches long just below the region of the aortic arch was encountered. 
There were two adjacent lymph nodes. A primary anastomosis was effected with two rows of 
interrupted sutures of nylon, but this was under considerable tension. A Levin tube was passed 
through the nose past the anastomosis into the stomach. Fibrin foam was placed around the 
anastomosis and the chest was closed in layers after an intercostal catheter had been brought 
out through a stab wound. 

The pathologic report on the surgical specimen confirmed the endoscopic biopsy report 
of squamous-cell carcinoma. In addition, one of the adjacent lymph nodes contained metastatic 
epithelioma. Grossly, the tumor was described as ulcerated, friable, and circumferential. 

Postoperatively her course was complicated by the development of an csophago-pleuro- 
cutaneous fistula which was quite evident on the tenth postoperative day. The Levin tube 
which had been removed on the ninth day was re-inserted and penicillin resumed. From the 
twenty-fourth postoperative day, she was afebrile and was discharged 34 days after operation 
eating a full diet udth but slight difficulty. She weighed 80 pounds. 

In the 6 weeks that followed, this dysphagia progressed. Although it was necessary to 
re-admit her to the hospital on Aug. 26, 1948, she had gained 12 pounds. Esophagoscopy 
the following day revealed a granular stenosis at the operative site, but a No. 18 Fr. dilator 
was passed. Subsequently esophageal dilatations were performed upon her as an outpatient, 
but the stenosis progressed. On Nov. 22, 1948, a Witzol gastrostomy was performed under 
Pentothal sodium and nitrous oxide anesthesia. She gained weight but was chronically ill in 
spite of the fact that she could swallow soft foods without difficulty. 

On Oct. 14, 1949, a left lower lobectomy was performed for a lung abcess secondary to 
a bronchoesophageal fistula. Her recovery was uneventful. Subsequently she gained weight, 
and although periodic esophageal dilatations were necessary, she had little trouble. On April 
16, 1951, a No. 28 Fr. dilator was passed without difSculty. Eighteen months later routine 
esophagoscopy revealed no difficulty and only slight stenosis (Dec. 23, 1952). 

In the ensuing years she has been asymptomatic. She eats a full diet without dif¬ 
ficulty. Yearly esophageal checks have been normal, except for dilatation of a mild stenosis 
at the last esophagoscopy on Dec. 12, 1957. The last esophagogram in July, 1956, was 
normal except for two traction diverticula. X-ray studies of the chest were negative. 

She is alive, relativel}’ asymptomatic and well in December, 1959% years aftei 
esophageal resection with primarj' anastomosis. 

Few authors have discussed primarj’' anastomosis for carcinoma although 
it is the accepted method of restoration for children with congenital stenosis. 

In 1949, Parker and Brockington^^ reported 2 cases done for palliation; one 
patient lived 9 months. They demonstrated in dogs, moreover, that the tech¬ 
nique with extensive mobilization is feasible.^^ In our patient operated upo^h 
1948, anastomosis was accomplished udth very little attempt at mobilization. 
This resulted in considerable anastomotic tension and indubitably accounted for 
the postoperative complications. 



\„lun,t3f CAIiCrKOMA or Min THORACIC ESOrilAGUS j] 

N linbcr I 

III Octobci, 1050, MC iKifoiined a similai opoiatioii tliiou>;li the tight chest 
lot a caicinoma at the Ittel of the aoitic aich Unfoitunatolj the patient hael 
a metastatic mass imohiiig tlie hihmi of the riglit lung anti incdiastimim, -Hhich 
lias left in situ B\ niohiluiiig the esophagus c\tciisneh, howetei tie 11010 
alilc to iiiaKo a luolaicicd nilon anastomosis iiithout tension Ilxeept foi a 
tcmpeiaUiit use to 100° P on one occasion iiitliiii the hist 2i houis, the 
iccoieii lias eompleteli afohiile and uncieiitfiil The patient iias eating a 
full diet Mithout diOiciilti on the eighth postopeiatiie dai Subseqiiontlj, 
esophagoseopi iias petfoiniod tiiiee and although thoio iias iiiodoiatc stenosis 
and gianulation tissue at the ainstoiiiosis he ate a soft diet iiitliout clToit A 
No 28 Fi hoiigie 11 as ]nssod easih on jMa\ 7 1057 Biopsies on tiio occasions 
neie negatiie foi a locuiienee of the iieopl.isiii The patient died clseivheie 
111 dull, l')")7 appnienth as a lesiilt of his disease 

AVhen this iias the extent of 0111 expciienee 111 th piiniaii anastomosis attoi 
lesection, iieiieio iindeistandabli eiicoiiiaged and iioiideied iihj such a simple 
pioceduie 11 as not the standaid one Oiii aidoi iias (iiiiekl} dampened and 
our (lucstion soon ansiieied l),i the next 2 patients iiho died postopeiatiioli 
One patient had a tiank disiuptioii of the anastomosis and died tiom mediastini- 
tis The otliei had oiili a small leak lioin the anastomosis and theie iias no 
inteifeicnee of the blood suppli in spite of the Jaet that iie had mobilii’cd 
the esophagus fiom the ceiiieal legion to the di.iphiagm The c.itise of his 
death is obscuie because the nicdiastimtis iias not oieiiihelining In both of 
these cases the anastomoses iicie ten diflieult to eoniplete because ol the 
tension despite almost complete esophageal mohili/ation 

Tt IS impossible to diaii logical conclusions from 4 ensis AVc coiisidei 
Cox’s attitude on this subject to he both humble .md iiitdlipiiit He states 
“The object ol the suigion must be, theicfoie, to icsioie to the patient ease of 
siialloiniig foi as long as he can contiiic If bi doing a good opeiation 111 a 
taioiable ease he aehieies a longteim cine so niiioli the hettei, but his atten 
tion must I submit, be ioeused on icstoiation ol function as an objectne of 
prime importance ’ Theicfoie, lie suggest tint this method might be tiled 
foi palliation 111 a largci senes bj those nho haie access to moie cases e 
iioiild reeoiiiiiiend, houcici, that if an anastomosis lutliout tension cannot be 
fashioned, anothci tipo of leeonstiuctioii, 1 c, Berman tuhe" 01 esophagogastiec 
tomi, he cmploi ed 


StnOMEV 

, „,t 7 cnt inth an appaient 'HyS icar cure follou 

To summarize, iie haic <-ne ^ eell eaicinoma of the mid 

’\i " r?'" «o'»Pl'eatioas requir 

<^opliagus iiith metastasis « The second patient, opeinted upon 

ngticatmentfoi ’uncienttui recoien and no disphagia uLl 

foi palliation, had a eompie ^ _ 

he died 9 months postopir'*'" 

SLXtli postopeiatiie dii' 


Two othei patients died on the fifth and 
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TUBERCULOUS FISTULA OF THE ESOPHAGUS 


Two Cases Successfully Treated by Surgery 
Dai id V Pecota, i\I D , Ray Biook, N Y 

T he subifgt of tiibeiculosis of the esophagus lias been iCMe^\ecl bj a num 
bci of ^ It IS an estieineh laic disease nhieh nia\ leaeli the oigan 

b\ mncosal hematogenous oi, most lieqmnth, lMn]>iiatic loutes B\ the lattci 
means, disease in ad]acent structiucs such as iMiiph nodes, plenia, and ^elte 
biae maj spiead to the esophagus Fistulas between the csojihagns and neigh 
bonng stiuctuics ma> occiu as a icsult of contiguous inlcction Often the 
oecunence oi a fistula is piccedcd In the Joimation of a tiaction dneiticiilum 
of the esophagus Geneiall} the piognosis ot wnticatcd tubeitulous esopliagitis 
IS pool, especially if stnetiue oi esophngotiachcal fistula exists Antituheicu 
Ions diug theiapy will cuie some of these patients^ * Suigcn, except gas 
tiostomy, has been employed lately y\ilh yarying icsults It is tlie pmpose of 
tins communication to piescnt 2 cases of tuheiculons esophageal fistula winch 
icquiied sin gen to effect a cme 

cvsi- nproRis 

Casi 1—R Jf, *1 48 )cir okl white* mun, w i<j nflniittrd to Raj Brook on Tsn 27, lOoo 
lu Tuljj 1050, following injury to lus lie hid di.v<Ioi»cd i ^dounl (ffii'SKin Up 

rtiencd ‘itreptomjcm for 20 diys iid pin uiuno»nlu\lic ipid foj 6 weols, ifttr whioli he 
tcrminited troitment tlie ndviie of In^i jdiv’jcjin In Mirch 39oJ, he tiitiud a Jios 

pitil, where he stajed for nliout 2*/. montliM While in the hospit il, ho reccued Htreptom^cin 
ind pin annno^alicjlic iciil In Norember, 1051, i diagnosis of tuberculous empyemi was 
made after his admission to anothci institution Treatment there included streptomycin 
and isoniazid, s>stemic»\l}, and streptomycin, penicillin, Iryptar, and X inda«e, intri 
pleuralh On April 7, 1054, a right picuropneumonoctomy was performed 'llus was 
complicated by a broneliopleurocutancou*' listuli On Isoy 10, 1054, an S nb ught tliorico 
plasty was performed However, a pleurocutnnoous fistula persisted until the pitient's 
idmission to Ray Brook Tubercle bacilli were last identified in the sputum on June 1, 
1054 

Attier admission to Bay Brook tlie patient’s chest w'all sinus was injected yvitli 
iodized oil reyealing an empyema pocket eonnecting "ith the stump of the right bronchus 
Iso connection yyith the esophagus was demoiistrib’e Repeated cultures of sputum and 
empyema failed to yield tubercle bacilb Staphylococcus alhits and J schertchia coh were 
cultured from the empyema 

lolloyying his admission, streptomycin 1 Gm 3 times a week and isoniazid 300 ing 
a day wore administered until Feb 7, 1057 Barly in September, 3955 the patient began 
to experience severe coughing and choking episodes following meals Careful questioning 

Prom the Baj Brook State Tuberculo'sls Hospital Ra> Brook N 1 
Receiyed for publication Feb 3 1958 



54 


PECOEA 


J. Tijoracic Surg. 
Jtily, 1958 


of tlie patient revealed that these symptoms had not been experienced previouslj'. An 
esopltagram was iJcrformed revealing' a small traction diverticulum of the upper esophagus 
communicating by a fistula with the right pleural cavity (Fig. 3, A). On Oct. 18, 1955, 
a bronchoscopj" and esophagoscopy revealed a 1 to 2 mm. dimjile at the right bronchial stump 
and, approximately, a 4 mm. opening on the right side of tlie esophagus, 20 cm. from the 
upper incisor teeth. l\hen the patient coughed, bubbles of air came from the opening. No 
other abnormalities were noted. 

On Oct. 21, 1955, a modified Schcde thoracoplasty was performed on the right side. 
The external opening of the sinus tract together witli the old thoracoplasty sear were excised. 
The subscapular space was opened and pus and debris were lemoved. This space communi¬ 
cated with the underlying pleural space by a fistula. Eogenerated ribs from the second 
tiiiough the eighth and a part of the ninth rib were lemoved subperiosteally. The thickened 
parietal pleura was excised preserving as many of the intercostal bundles as possible. The 



1.—Posteroanterior chest roentgenograms after the patiei^ 
opaque material. A, Shows outline of tiie esopiiagopleurocutaneous fistula, 
cx'idence of fistula following surgical treatment. 


swallow'Cd racli- 
jB, There is no 


pleural cavity was then filled with isotonic saline solution and intr.atiacheal positive pressure 
was developed bv the anesthetist. No bronchial fistula could be identified. The stump of 
the right main bronchus had apparently healed spontaneously. The esophageal fistula was 
identified, but it was inaccessible in the apex of the pleural space. Attempts to free the 
esophagus were unsuccessful because of extensive scarring. Accordingly, the wound wa.s 
closed in layers about a soft rubber drain, rntliologie diagnosis of tissue leinoved at opera¬ 
tion was chronic granulation tissue. 

On Oct. 26, 1955, a Witzel jejunostoniy was performed. Following this the patient 
took nothing by mouth. The pleural space was allowed to heal from the depths outward. On 
Sept. 10, 1956, a small residual pleural pocket was obliterated by removal of several regen¬ 
erated ribs with thickened parietal pleura and a partial scapulectomy. The drain was gradu¬ 
ally shortened and the wound healed completely by January, 1957. 


\ I n e 
N iml e I 


TUUiiHCULOUS lI«4rULA Of LfeOPirAGUS 


55 


In Tnnuin, an esoplingnm \wth jodiml oil failed to reveal m (.‘^oidugcil fistula 
Tins ms Inter lonfiriiied In a birmm swallow (Fijr I, B) Soon aftorw ird tlie patient w is 
iblo to tale i regular diet without difiitulfj At the end of tlu month the lejunostomj tube 
was removed Tlic patient was dis<hirgod from Ua> Brook on Mav 7, 1^57 In Tanuarv, 
IDoS, he reported that he had experienced no furfi er comphints referable to hia esophagus 

2—J 'M, i 20 \L ir old while nun, w is admitted to Bav Brook for the third time 
on Fob ^ l^o() with fever and a tender swelling above the right iliac crest posterjorK 
Blien In w u 2 venrs old a ]}phosis was discovered In 1050, at 20 ve'^rs he developed 
coughing episodes after cntiiig or drinking Bv 2vo\ember, he began to experience fever 
In Taiiuarv, IH'jG, i sweling appcired over the right iliac crest posteriorlv Ihis soon 
opened spontaneonsh and drained puruUnt material This together with an abscess in the 
light groin was drained surgicallv in februnrv, 1052 Vs tubercle bacilli were recovered, 
the patient was given streptomvcm and para aminosalicvlie acid therapv, which w is con 
tinned until Tuh 10, Pm The patient was admitted to Rav Brook for the first time 
from "March 20, 1052, to Aug 17 10>3, because of recurrence of drainage from the iliac 



A B 

»s 1 —Literal chest roenUenograms following in^.estlon of b«trtum showing opem 

Vnv' traction clivcrticuUim of the upper thoracic esophagus and postopeiatnc/' 

v" ^ tlie substernal colon bjpass The patient has a severe dorsal kvpht^-" 

due to Potts disease 

Niiuiv This healed spontaneously, md remiiiud healed until 2 weeks prior to 
tieiit s second admission to Rav BiooK (^ov 2 I 1 * 17 '; to Dec 1, Ih55;, when J t*‘ ^ ^ 
tever and tenderness at the sit* of the scir in tie ib ir irgioii Symptoiiu a' ^ 
inflammation subsided following needle ispirntion of piiru/eat material Ifo"’*"'' ^ 
sjori w IS oiilv ternporarv, and a recorrente of swii{(oris som ntce-,sit ite 
mibsion (leb % 1050) Shortly nftirward the amus reopened, again dnf" 
material , , 

kvph^ 

Fxlmiiutioii this tirac reicuUiI i„ aculc/i ill pt(,ciil m,( 1 , a nep, 

SIS Except for a draining sinus in (lie riglif line region s i ^ hes/o' 
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groin tliere were no relevant findings on physical examination. Eepeated cultures of the 
sputum and pus from the sinus failed to reveal tubercle bacilli. During each of the pa¬ 
tient ’s admi.ssions to Bay Brook, esophagrams revealed a large diverticulum in the region 
of the kyphosis (Fig. 2, A). There was a delay in emptjdng of the diverticulum and a 
suggestion of a stricture below the diverticulum. Careful questioning of the patient re¬ 
vealed that he experienced dysphagia only occasionally when he would swallow a large 
bolus of food. During the third admission, a connection between the diverticulum and the 
sinus was demonstrated by injecting iodized oil into the latter. 

During the third admission the patient experienced recurrent episodes of fever ac¬ 
companied by pain in the region of the sinus tract, which continued to drain. In order 
to defunctionalize the esophagu.s, a Stamm gastrostomy was performed on Jan. 7, 1957. 
On Feb. 20, 1957, the cutaneous fistula was excised down to the esophageal dh-erticulum. 
The wound healed rapidlj' and completely- from the depths outward. However, as soon as 
tho patient was again permitted to take his feedings orally, the sinus reopened. On the 
other hand, as soon as gastrostomy feedings were resumed the sinus healed and remained 
healed as long as the patient took nothing by mouth. Since the patient did not u-ish to 
accept a permanent gastrostomy it was decided to permanently defunctionalize the esoph¬ 
agus by utilizing the colon as described by Mahoney and Sherman.» Accordingly, on 
Juno 26, 1957, the right colon and part of the transverse colon were transplanted into a 
substernal tunnel and, after the cervical esophagus had been severed a short distance 
below the ericopharyngeus muscle, the proximal esophagus was anastomosed to the cecum 
employing 2 layers of interrupted 4-0 silk sutures. The distal esophagus was closed by 
interrupted sutures of the same material and dropped back into the mediastinum. The 
esophagus was not severed near the cardia. The proximal end of the severed transverse 
colon was anastomosed to the anterior aspect of the stomach and the distal end to the proxi¬ 
mal end of the severed ileum. Postoperatively, suction was maintained on the gastrostomy 
tube until gastrointestinal function returned. There were no complications. At the time 
of his discharge from the hospital on Sept. 2, 1957, the patient was able to take a regular 
diet without difficulty. Barium swallow revealed widely patent anastomoses (Fig. 2, B). 
There vas no regurgitation of barium from the stomach into the defunctionalized lower 
esophagus when the patient was placed in approximately a 45-degree Trendelenburg position. 
In December, 1957, the patient reported that he had been able to return to work and had 
maintained his weight. He had experienced no difficulty referable to his new “esophagus” 
or wound in his back. 


DISCUSSION 

It might be argued that the fistula in the first patient was due to trauma at 
the time of resection of the right lung. However, the late appearance of symp¬ 
toms referable to the esophagus and the presence of a traction diverticulum 
seem to indicate that infection was the principal etiological factor. Both trac¬ 
tion diverticula and sinuses frequently occur in the upper thoracic esophagus 
as a result of adjacent tuberculous adenitis. In the second patient, Pott’s dis¬ 
ease undoubtedly preceded the formation of the esophageal diverticulum and 
probably was the etiological factor for this as well as the fistula. Tuberculous 
esophagitis secondary to Pott’s disease has been reported.^ 

The role of antituberculous drug therapy in both cases was undoubtedly 
very important, since in both patients the tuberculous disease had become in¬ 
active by the time surgery was perfoianed. 

Excision of the fistula was unsuccessful in the second patient probably be¬ 
cause of poor drainage of the diverticulum as a result of partial obstruction of 
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tlie esophagus below tliat le'icl On the other liand, in the absence of obstnic 
tion, healing of the fistula oecuned lapidh in the fiist patient ns soon as the 
enipjema was successfulh tieatcd 

Combined antitubeiculous ding theiapi is liKeh to rcndei tuhciculoiis 
lesions of the esophagus inactive The lesions mas heal with drug theiapi 
alone, othcis lequiie suigeis to eoiicet lesidual mechanical fnctois, siieh as 
fistula 01 strietuie When suigcis is indicated ladieal estiipatioii is laieh, 
if eicr, necessari Hsciv cffoit should he made to preseiie the function of 
the esophagus In such methods as dilatation of stiietiires or local resection of 
simptomatic dncitieula When the lattei methods aie not possible because of 
scieic seal ling oi inaecessibihts, as in the second case, a defunotionalizing 
opeiation mas be used, leasing the escludcd esophagus in situ It is not be 
lieied necessan to inteiiupt the lowci esophagus neai the cardia, as was done 
In Johnson and associates,*" as long as the lowci esophageal occlusion mech 
anism is competent and can pieicnt icguigitation of gastiic contents Indeed, 
piesenation of tin eontimiitr of the esophagus with the stomach peimits in 
teinal diainago of the esophagus thus olniating, at least theoieticalli, the pos 
sibilita of infection in a totalh escludcd segment of esophagus 

SUMJIARl 

Two cases of tuboiculoiis fistula of the esophagus tieated b\ siugeis are 
presented Tubciculons esophagitis and its complications will sometimes heal 
with antitnboieulous drug tlierapi alone Ilowciei, snigerj maj be neoessaiv 
to coirect meehanieal faotois, in which cases eieij effort should be made to 
piesone as much esophageal function as possible Occasionalh, it mas he 
iieeessaii to create a In pass Undei these ciicnmstances it docs not seem neces 
sail to extirpate the diseased oigan 
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CONGENITAL TRACHEOESOPHAGEAL FISTULA IN THE ADULT 

George are, Ai.D.,* and Allan Hall, M.D.,** Washington, D. C. 

C ONGENITAL traclieoesopliageal fistula without atresia of the esophagus is 
a rare anomaly. In a review of pediatric cases, published by Ware and 
Cross in 1954, 27 cases were reported. In the adult it is rarer still. In the 
12 such cases reported in the literature,^'” there was a marked Amriation in the 
symptoms presented by the patient. In some, only astute questioning rcA'^ealcd 
a pertinent history.^ In other patients, repeated respiratory infections domi¬ 
nated the person’s existence.^' *• Other important symptoms Avere hemop¬ 
tysis, cough productive of food, recurrent pneumonia, Ammiting, and dyspnea. 
At times, the cough Avas induced by liquids but not solid food. 

Radiographic studies of the esophagus using contrast media Avere valuable 
in reaching the correct diagnosis. In several instances, a gastrointestinal 
examination Avas ordered because of A'omiting. The diagnosis of a tracheo¬ 
esophageal fistula Avas a surprise finding in these eases. Radiographic studj'- 
of the tracheobronchial tree Avas u.sually unrcAvarding. The fistula Avas never 
seen by this means if esophageal studies Avere normal. The bronchogram in 
several instances shoAved associated bronchiectasis. 

Endoscopy Avas not as valuable as a gastrointestinal study Avith contrast 
media. Again, the fistula Avas never seen by endoscopy unless first identified 
by x-ray studies of the esophagus. In some ease.s, although the level of fistula 
Avas knoAvn, it could not be found by csophagoscopy or bronchoscopy. 

The associated diseases in this small series included In-onchiectasis in 8 
patients'’2 cases of mental illne.ss—one of .seliizophrenia' and one of imbecil¬ 
ity' ; and 1 patient died of a carcinoma of the lung.” In this instance, the 
fistula Avas an incidental finding at necropsy and Avas situated avcII distant 
from the carcinoma. An additional patient had an associated patent ductus 
arteriosus and an aberrant pulmonary artery." 

The site of the esophageal connection to the tracheobronchial tree Avas 
reported in all patients. In 5. the communication Avas to the right loAver lolie. 
Tracheal connection Avas noted in 4, 3 patients had openings into the left 
lower lobe. The fistula in the final case passed to the left main-stem bronchus. 

Six cases Avere not treated. Three Avere living at the time of the report. 

2 had slight symptoms,"- ® and 1 had moderate .symptoms.' Three patients died 
with the abnormality. One Avoman died of asphyxia Avhen a piece of food 

Received for publication Feb. 10. 1958. 

•Attending Thoracic Surgeon, Mt. Alto A’'eterans Ho.spital; Instructor In Thoracic Surgery. 
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passed thiough the fistula and blocked the tiachca'' One man died of pnou 
moma shoitlj litu a baiium suallmi ' The thud patient died of eaicinom i 
of the liiiiK 

Seion ))atuiits «uc ojiciatcd upon 'lliite had lohectoiiij and loscetion 
ot tin hstuli (authois' case and 2 otheis’ ) All aie Iniiig and ucll Tuo 
patients had pneiiinoncctoinj and escision ot the tiact^ One of these suc- 
tinnhod to jiostopi latn c infoition many mouths attei singeij 'Miillaid has 
lepoitod anotlui patient in uhoiii the fistula uas icscctid uith a good result 
The final patient nas ticated endoscopicall} In GUif In siKci nitiate applica¬ 
tion uitli a suetessful icsult 



Fifi- 1 —Roent»,enoj,inms made on ulniicslon A Front \ieA\ / Lateral \lew 


C\SF rri’ORT 

A 0, a SOjcarolfl 'white man, ■nas adiiiitted to the "Mt Alto Veteran's Hospital 
on Jul} 31, 105G, because of a 2 weeks' Iiistoo of henioptjsi*? The Iieraopnsis produced 
dark red to brown sputum which amounted up to one fourth of a cup doih The patient 
deniel a pre\ious history of hemoptjsis but “tated that he had had a chronic nonproduc 
ti\e cough dating back to at lea**! at which time he was hospitalized for pulmonars 
infection In the past 2 a ears he had experienced ‘■eeere coughing paroxtsms on drinking 
hot coflee He also recalled se\ero coughing spells for about the past 20 \ears \\hein'»r 
ho reclined on his right side There was no Instorj of ihspnea, chest pain, night «wi'ii- 
fever, dulls, or weight loss A histoo ®f lobar piieurnonm or contact with tubcrculci- 
was denied and the remainder of the past historv was negative Ihe patient fo 

smoking two packs of cigarettes per dav for manv a ears 

On phjsical examination no significant abnoriiialities were noted Bloovl anf unne 
studies were normal an 1 both sputum and gastric aspiratioos were negative fof 
bacilli \ rav examination of the clu-t on Aug 1, wa.s ryiprted as foil’"'' 
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dated August 1, 1050; sIio«s a marked prominence and increased density of the right 
hilum. TJiis may be superiinposition of an inflammatorj' proce‘!’3 in tJio apex of the right 
]o\rer lobe. The po’^sibility of a ncopJnstxc process should be considered. There arc 
numerou'* blebs in the right tapex. The aortic knob is prominent. The heart appears to 
bo within normal limit.s” (Fig. 1). A tuberculin .skin test was evaluated as 3+ while the 
histoplasmin skin test ^\as negatitc. Bronchogram studies wore roi)orted as follows: 
“There is normal bronchial pattern of the right upper, middle, and all of the basilar 
brandies of the right lower lobe. The prinmry branches of the apical division of the 
right loner lobe are also outlined. The 3 * arc just above the limits of normalcy in caliber. 
There is no evidence of bronchial luminal obstruction or bronchiectasis.” Bronchoscopic 
evnmiiiation and right scalene node l>iops\ were negative. Because of the possibility of 
the lesion being inflammatory, it was decided to send the patient on furlough for 4 weeks 
and re-evaluate liim after that time. 



Fig:. 2, FifT. 3. 

Fig-. 2.—Micrograph of tis.sue from fl«^tulous tract 
Fig. 3.—Jlicrograph nhich shoivs pulmonary parenclijnm. 


A chest roentgenogram taken following the furlough showed no change from the 
admission film. On Oct. IS; 1950, n right thoracotomy was performed. There were ex¬ 
tensive pleural adhesions, at operation, rvith a ma‘«s surrounded by indurated lung ti.'ssue 
present in the apex of the right lower Jobe. It was thought that the likelihood of tumor 
nas sufficient to warrant right loner lobe lobectomy. After dividing tlie arterial and lenous 
branches to the right lower lobe, a fistulous communication was noted between the apical 
segment of the right lower lobe and esophagus. The tract na** resected and the lobectomy 
completed. A Levin tube na& passed into the .stomach and the esophagus was closed in 
two layers. Postoperatively, the patient had an uneventful recovery and on follow-up 
examinations is asymptomatic. 

Examination of the resected specimen was reported as follons; “Tlio right lower 
lobe of the lung measures 14 x 8 x 7 cm. On the upper medial surface there is a tract 
which on opening reveals a slightly roughened lining bronchial mucosa. This extends 
from the pleural surface for a distance of 2 cm. and apparently communicates withr^he 
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terminal bronchus. On bisecting the lobe, there are patch 3 ' firm areas throughout, some of 
which are reddish, while others are gray to yellow. [Microscopically] The pulmonary paren¬ 
chyma is congested and the air spaces are filled with large hemosiderin-laden and vacu¬ 
olated macrophages, mononuclear cells, edema fluid and debris. The alveolar walls are 
thickened and partly hyalinized. There are numerous areas of atelectasis, focal hemor¬ 
rhage and several granulomatous lesions containing multinucleated giant cells of the 
foreign body tj-pe. Several bronchi form cystic branching spaces; there is a marked peri¬ 
bronchial fibrosis wfith accumulation of lj’mphoe 3 -tes. [Fig. 2] Section from the fistulous 
tract shows a bronchial epithelium which in the peripheral sub-pleural area is replaced by 
squamous epithelial lining. [Fig. 3] Sections of the resected fistula (separate from lung) 
showed a fibromuscular tissue partiall 3 ' covered 63 - squamous epithelium and described as 
compatible with an esophagobronchial communication.” 


SUMMARY 

Congenital traelieoesopliageal fistula in the adult is a rare entit.v. Tliirteen 
reported cases are analyzed. Eespiratoiy sjnnptoms of hemopt.vsis, cough pro¬ 
ductive of food, and recurrent infection are predominant. Contrast examination 
of the esophagus is the best method of diagnosis. Bronchograms, bronchoscopy-, 
and esophagoscopy are of limited value. Recommended treatment is resection 
of the fistula and, if necessary, adjoining lung tissue. 
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CLINICAL STUDIES ON BRONCHOSPASM 

R. R. Gilfillaii, F.R.CS.E., F.R.P.P.S.G.* Dundee, Scotland 

T he iincortaiii and frequently disappointing response to therapy of that 
wide variety of conditions wliicli may he designated “hronchospastie” 
(o.g., asthma, bronchitis) seems to warrant a re-appraisal of the basic princi¬ 
ples involved. The following study was conducted with this object in view. 

OENEKAL CONSIDER VTION.S 

Transverse section of bronchioles demonsti'ates that the muscular coat of 
those below 0.6 mm. diameter (i.e., at point of disappearance of cartilage and 
glands) is often incomplete or occasionally ab.sent. The excellent monograph 
by AY. S. Aliller on the gross and microscopical anatomy of the lung shows 
that this is due to the geodetic arrangement of muscle fibers in the bronchiolar 
wall—the fibers being embedded in longitudinally disqiosed elastic tissue. In 
bronchioles of O.G mm. diameter, muscle bundles are found to vary from 0.02 
to 0.03 mm. in thickness and 0.008 to 0.05 mm. in width. 

The so-called respiratory bronchioles (diameter 0.25 mm.) branch termi¬ 
nally into two or three alveolar ducts, thence to atria and air sacs, but there are, 
in addition, alveoli protruding directlj’- through the muscular latticework. 
It has recently been demonstrated (Lambert) that direct broncho-alveolar com¬ 
munications exist in the larger bronchi. These are seen bronchographically but 
are frequently misinterpreted as glands. The ati'ia and air sacs have no 
smooth muscle in their walls. 

The bronchioles are thus seen to be particularly well adapted to their 
function in respiration, namely, elongation and dilation alternating with 
shortening and narrowing. The muscular element, in view of its delicacy and 
relatively sparse distribution (ef., pulmonary veins and arteries of similar 
caliber), appears unlikely to have any apjireciable independent activity. Fur¬ 
ther, bronchial elasticit 3 ' is con.siderably less than that of the vessels as can 
be observed at segmental resection where the localization of subsegmcntal 
bronchi depends on this factor—that is, by traction and palpation. 

Bronchi of greater caliber than 0.6 mm. are reinforced w'ith wedges, plates, 
and hoops of cartilage to maintain patenejn Patenej' beyond this would ap¬ 
pear to depend largely on negative intrapleural prcs.sure effecting distraction 
of bronchiolar walls via the contiguous aerating alveoli, and partly on the 
inherent rigiditj’ of the fibroelasfic coat. 

Recehetl for publication Jan. 15, 1958. ^ 

•Present adiirtss: i^Dckwooil Clinic. 300 Bloor Street East. Toronto. Ontario 
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3MATERIAL FOR STUDY 

Twelve young adults, 6 male, 6 female, whose ages ranged from 22 to 27 
j^eai’s, were studied at the operation of segmental lung resection. Two of the 
females and 4 of the males gave a definite history of previous bronchospastic 
attacks (“asthma”) in childhood and adolescence, but the clinical findings in 
these cases did not differ significantly from the others. Apart from strictly 
segmental tuberculous lesions, all the patients were in good general condition, 
and residual lung tissue in each case eompletelj’ filled the hemithorax on moderate 
inflation of the lungs. 

The mechanism of bronchiolar respiratory movement was studied directly 
at operation with a hand lens. Healthy bronchioles of 0.5 mm. diameter, as 
measured with a stainless steel gauge, ruptured across the intersegemental plane 
during stripping of the segment and others, which had been stripped along their 
length, showed rhythmic variation in calibei’, with pressure changes in the 
anesthetic apparatus. The effect of temporary occlusion of the “feeder” bronchus 
was then observed. The subsegmental bronchus to the area in which lay the 
bronchioles under study Avas occluded Avitli a rubber-shod clamp. Respiratory 
excursions persisted, although more sloAvly, due to air drift from adjacent un- 
oceluded segments which filled the alveoli around the bronchioles and distracted 
their Avails circumferentially. 

On each occasion, a fcAV of these bronchioles Avere removed and submitted 
to histologic examination. The degree of shrinkage Avas estimated at approxi- 
matelj’’ 40 per cent. Several observers, for example, IMiller and Boyd, describe 
a relative increase of smooth muscle at the junction of atria Avith respiratory 
bronchioles. They have even been termed “sphincters” in some anatomy text¬ 
books (Gray and Cunningham). This appearance Avas found due to more 
marked shrinking and retraction of the bronchiole at the junction Avith the non- 
muscularized atria and alveoli. Even so, the proportion of muscle ring thickness 
at this site to total bronchiolar lumen is 0.02 or 0.01 mm. to 0.25 mm. AA'hich 
implies that complete occlusion by mucular action is unlikely. There Avas no 
eAudenee of myohypertrophy in the “asthmatic” as compared Avith the normal 
indiAuduals. 

“humoral” effects 

The direct effect of drugs on the exposed bronchioles Avas observed. A 
feAv minims of 50 per cent histamine Avere dropped on the open bronchiole; 
in 2 to 4 minutes the lumen diminished. It seemed that the edema affected 
the mucosa particularly—^there Avas certainly no contraction of the bronchiole 
Avliieh Avas then lightly sAvabbed and 0.01 per cent Adrenalin applied. Again 
there Avas no detectable change in total thickness but the lumen became Avider 
Avithin 10 seconds. 

On seven occasions folloAAung the application of histamine, papaverine 
AA’as applied instead of Adrenalin. Although Parkes found this a poAverful 
bronchial spasmoljfiic, no change Avas obserA'^ed even 5 minutes afteinvards. 
Atropine. likeAAuse, produced no change. 
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NEUKAL EEEEOTS 

Although a fairly rich supply of sympathetic and parasympathetic nerve 
libers accompanies the bronchioles, that they exercise any appreciable effect up¬ 
on their caliber is far from proved. Ufany of these fiber-s are vasomotor to 
bronchial arteries, secrctomotor to gland.s and afferents from stretch roceptoi's 
and epitliclium. Only a small proportion of them is myomotor (Itlitchell). 

Abbott and his eo-worker.s in their comsidcration of the surgical manage¬ 
ment of emphysema and intractable asthma by denervation of the lung—a full 
description of the operative procedure is given—claim that postoperative 
bronehoseoi)y shovvs comparative rcla.xation of the ipsilateral bi'onchi and, de¬ 
ductively, of the bronchioles. They are less certain, however, that this is main¬ 
tained and now postulate “trigger areas” of disease, such as bronchiectasis, and 
that the bronchospastic attacks are due to “reactivation of an inflammatory com¬ 
ponent in a localised area of destructive pulmonary disease.” More significantly, 
they state that "in such eases resection of the destroyed area alone may produce 
cure” (i.e., sputum reduction). 

Klasscn and his associates describe a .series of 7 eases in which unilateral 
vagotomy was performed in inoperable bronchogenic carcinoma to allay or 
diminish troublesome cough. Bronchoscoitic and bronchographic examination 
(the latter in full oxinratory and inspiratory i)hasos) showed no alteration in 
caliber or movement of the ipsilateral as compared with the contralateral 
bronchi. 

Autonomic innervation of the lungs is, in ])art at least, bilateral (Phillips), 
but it seems reasonable to expect appreciable visible alteration bronehoseojtieally 
following the operative procedures, described bj’ Klassen and Abbott, which 
should certainly interrupt the pathways behind the main earina as, or shortly 
after, they traverse the midline, if neural control is major factor. 

This aspect was investigated by injection of 2 per cent Xyloeaine at opera¬ 
tion in the 8 right-sided cases, .since the i)roduction of even a temporary 
recurrent nerve palsy was considered unjustifiable in view of its adverse effect 
upon expectoration. 

The hilar stnictures were exposed routinely at operation and, following 
removal of the affected segments, the right vagus nerve was infiltrated ^vith 
Xyloeaine from the level of the first dorsal vertebra to the hilum. The stellate 
ganglion and dorsal ganglia of the .sympathetie chain were also infiltrated as 
far as the level of the seventh dorsal vertebra. A ring of edema was raised 
in the alveolar tissue around the main bronchus, main pulmonaiy artery, and 
the upper and lower veins. Some 10 c.c. of Xyloeaine were employed on each 
occasion. 

No alteration in caliber of bronchioles on the raw intersegmontal surface 
was observed when vagus and sympathetic nerves were blocked separately 
and together. Immediate postoperative bronchoscopy after thoracotomy 
closure (the ipsilateral pupil still showing dilation) revealed no alteration of 
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rhythmic bronchial respiratoiy varialiou as compared with the otlier side of 
the bronchial tree. Full expansion on the .side of operation wa.s ascertained 
by auscultation. 

DISCUSSION 

Bronchospasm .—^Afost physiologic studies on bronchial musculature have 
been made on isolated bronchial cliains (Hawkins and Scliild) and tlie response 
of these to various drugs. The fact that such experiments ignore the powerful 
distraction of the bronchioles effected through contiguous alveoli liy thoracic 
skeletal musculature would account for the consequent failure to substantiate 
them clinically. The experimental use of guinea pig lung wliich contains 
])roportionately much more smooth muscle than human lung has further con¬ 
fused the issue. 

Bronchoseopic examination of patients with extremely rapid respiratoiy 
rate shows bronchial rh 3 dhmicity in complete accord with thoracic and 
diapliragmatic exeur.sions. In postoperative bronchoscop.y of Semb-type thoraco¬ 
plasty, the segmental bronchi of the upper lobe on the side of operation also 
exhibit “paradoxical” movement. 

The relative immobility of the bronchial tree in unilatei’al “frozen chest” 
is a further example of the passive nature of the bronchial rhythm. 

It seems unlikely that there is synchronous neural control of the bronchial 
tree during respiration. Against .such reciprocal innervation of smooth and 
voluntary muscle is the slow rate of contraction and relaxation of which the 
former is capable. 

The degree of ischemia and engorgement, respectively, of the lung fields 
during the Valsalva maneuver and inspiration against resistance (occlusion of 
nose and mouth) following complete expiration, can be demonstrated radio- 
logieall 3 ^ The ease with which such pas.sive alterations in the more muscular 
pulmonaiy vascular tree are induced further suggests the improbability of 
“spastic” bronchioles being able to maintain effective re.sistance. 

Bronchospasm has never been reported in a patient with a dry bronchial 
tree. There is alwaj^s increased bronchial secretion and it is unquestionable 
that considerable bronchiolar edema is also present. The degree of relaxation 
afforded in expiration, or of compression in forced expiration, will be sufficient 
to occlude the lumen completely. 

The mechanism of bronchospasm is thus more likely to be valvular oeelu- 
.sion of bronchioles bj’" edematous or thickened mucosa and/or intraluminar 
debris. In the few reported cases of death during asthmatic attacks (Oswald 
and Keid), edema and conge.stion of the bronchiolar wall, and particularly of 
the epithelium with occlusion by mucous plugs and docidous epithelium, were 
marked features at autopsy. 

Muscular hypertrophy has never been demonstrated in such cases and this 
tissue in common with the other constituents of the bronchiolar wall merely 
shows edema. 
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In alleigio asthma, this concept -Houkl seem to be suppoiteci by the fact 
that othei alloigic manifestations such as ihinitis, conjunctivitis, uiticaiia, 
among othei s, pi odneo maximal cftect upon epithelial surfaces The inhalation 
of nutating paiticks ot dust pollen, oi gases such as teai gas ot chloiino, 
pioduees a maiked iiiciease in hioiiehial seeietioii ivith congestion of the 
lospiiatoiy C])ithelium AVhothoi the edema and congestion is due to diiect 
nutation oi to a topical .intigui aiitibodj icsponsc, as in allergic asthma, is 
picseiitlj nicleiant, it seems piobablc that the icsult is identical in each 
instance and that muscle spasm plajs no pait in it 

The tjpieal ‘‘bionchos]iastic” attack icsponds, although by no means in 
laiiablj to Adienalin ("adicinlin icsistancc” as deseiibed by Can), ivhcn 
administcied as an aeiosol spiaj oi bj' subuitnncoiis injection, and the formei 
method of admiiustiation is as, if not moic, ofEcctne than the lattei The 
action IS piobabh a insomntoi one on the bionchial mucosa The taidiei 
benefienl oiTect ol atiopine due to iiilnbitioii of bionchial seeietion has Hide 
spiead application in the postopciatne maiiagemeiit of tlioiacie suigieal 
jiationts Hith tioublcsome copious naten siiutiim, but theie is no expeiimental 
OI elniieal CMdenee of niaikcd bioiichodilatoi actnitj—in fact this dnig has 
been shovn to haie a bionchoeonstiictoi action (Biiistcin and Paiiott) 

Jiioiic/necta^ii —Bionchogiaphic stndj in asthmatics is notoiioiish difficult 
but Oioiliolt and cohoiKois in a senes ot 76 cases of asthma (the bionchitis 
omplnsema sindiome), found bioiichiectasis in 27, of hIiioIi 13 cases iioie 
bilatcial All of them Haiianted icsection 

As the mj elastic coat of the bionchial ticc seems designed piimaiily foi the 
mainteiianco of ‘tone” duiiiig lespiiatioii, destiuction oi Heakening b\ an in 
feotne pioeoss—citlici piogciiie oi eien tuberculous—of the bionchial walls 
Hill incntabh lead to dil.itioii, i e, bioiichiectasis 

Tliice main factois aic held to be coiiceined in the pioduotion of saeoulai oi 
cilmdueal bioiichiil dilation (Oappd) 

1 Atelectasis ot associated paienclnina with lesultant iiicicased negatne 
pitssuie on the bionchial nails 

2 AVcalvcning and exeaiation of the bionchial nails due to infection 

3 Contiaction of peiibionelnal fibiosis 

AVhether oi not the suiiouiidiiig paiciielnma is atelectatic, consolidated, 
moie 01 less iioimalh aeiated, oi cicn cmpliisematous, mil affect onlj the latc 
of onset of bioiichiectasis foi, m each instance, the bionchi aio rolatneh mde 
(oi 111 atelectatic oi consolidated lungs—the onh) an filled spaces nitli dis 
teiisiblc nails Thus, in the atelectatic king, the full distinctive foice is acting 
upon the bioiichnl nails alone Since long continued piessuio changes tan onh 
be nithstood In muscle tissiu (cf lig iments of joints in paiah/ed limbs) 
nliiii this IS destiojed gndiiil stidcliing of the elastm and supiniimig 
fibious tissue icsults 

Histologicallj, the most stiikiiig fcatuit in luonchioetasis is the destuie- 
tion of the museulai and clastic tissue of the bionchial nails nith dilation, in 
feetne hyperplasia and iilceiation of the bionchial opithelium In manj in¬ 
stances, the lesectcd lobe oi segment may show no diminution m volum^^iid 
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the pai'cnchyma both inacroscojiieally and even mici’oscopically ap])oar.s nor¬ 
mal. Indeed, it is sometimes a matter of some difficjilty at operation to decide 
whethei- or not the ap])earanee at thoi-acotomy .justifies resection at all, al¬ 
though at the hilar dissection in such instances the extremely thin, friable state 
of the affected bi'onchi often leaves little doubt. 

In a somewhat smaller number of case.s, the bi-onchographic appearances 
may return to normal following conservative thei'a])y (breathing exercises and 
postural coughing). In the.se cases of revcr.siblc bronchiectasis (D’Abreu), it 
would seem that the muscle has either not been severely damaged or has re- 
covei-ed sufficiently to exei’cisc adequate tonal conti’ol. Thci’c arc gi-ounds foi- 
considei'ing the possibility of smooth muscle regeneration following control of 
the de.structive jjrocess (idaximow and Bloom), although it is dojihtful if the 
subsequent ai'chitectural distortion would allow of complete revci’sal to normal. 

CONCLUSION 

The effect of bronehiolaj' muscle .spasm is negligible in view of the relatively 
sparse distribution of this tissue. I’he skeletal musculatui’e of the thoracic 
cage is respon.sible for variation in caliber. The function of the musculature 
of the bronchial tree is maintenance of tone. When this is lost due to damage 
or destruction of the myelastica, bronchiecta.sis occui's. 

Were it possible for the .so-called sidiinctcrs at the bronchiolo-atrial .junc¬ 
tion to effect closure, the seciuencc would be i-ajud absorption of alveolar air, 
namely, atelectasis; the alveoli, however, in severe asthma are maximally dis¬ 
tended and cmiihysematous. 

Present trends in therajiy of .so-called bronchospastic conditions sugge.st 
that undue attention has been directed toward relaxation of the bronchial 
i musculature for, although many excellent .sjiasmolytics are available, their 
effect thereon is at best variable. Antibiotics to allay infection, bronchial 
“detergents” incorporating tryi)sin and hyalase which induce secretion 
viscosity and liquefy fibi’inous exudates, antibody-antigen block by descnsiliza- 
tion, and antihistamines to minimize the local edema of the allergic response 
are considerably more effective, although the last named arc jirobablj'^ less so 
than Ihe others. 

.SUMMARY 

The humoral and neural infiuences uiion bronchiolar caliber have been 
studied in relation to Ihe histoanatornical structure, both directly at o]3eralion 
and indirectly at bronchoscopy. It is suggested that the only important iaclor 
is alteration in iilenral jiressure and that the mechanism of clinical broncho- 
.S])asm bears littb* relation to intrin.sic bronchial musculatui’c, but is entirely 
due to edema or mechanical block of the lumina. It is further .suggested that 
the main etiological factor in the jiroduction of bronchiectasis is loss of or 
damage to bronchial musculature. 
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L ong aftei’ tlie general adoption of tlic Listerian principles in surgery had 
j lessened the role of infection in operations elsewhere, postoperative in¬ 
fection remained a serious deterrent to chest surgery. Controlled, positive- 
pressure endotracheal anesthesia i-emoved the fear of the consequences of the 
open chest. The appreciation of the importance of individual hilar dissection 
and the more liberal use of blood transfusious remoA^ed the fear of uncon¬ 
trolled hemorrhage and operative shock. Brit, regardless of how the bronchus 
was closed, it practicall;^ alway s reopened in the po stoperative period with t he 
develonment of an emnvema a nd a bronchopleural fistula. Thus, it was that 
in 1935 a mortality rate of 64 per cent in lobectomy for bronchiectasis ivas 
considered encouraging. The majority of the deaths and complications were 
the result of breakdown of the bronchus stump. Even today the commonest 
cause of failure in the surgery of lung resection, especially in pulmonary 
tuberculosis, is bronchopleural fistula (Table I). Because of this the author 
felt that it would be valuable to re-emphasize some of the principles of bron¬ 
chus closure. 


Table I. The Bkoschopleural Flstula Kate in Polmonaky Kesection for Tuberculosis 
Collected From Publications Between 1951-1958 From Canada, United 
States, Great Britain, and France 



CAUSES OF BRONCHUS BREAKDOWN 

Infection .—Without a doubt, infection of the sutured bronchus stump is 
the commonest cause of its failure to lical. The possible sources of infection 
are extrabronchial, endobronchial, and intrabronchial. 

First, extrabronchial infection may arise from accidental contamination of 
the pleural space from spillage of secretions during resection, from rupture 
into cavities, abscesses or solid (usually tuberculous) lesions during mobiliza¬ 
tion of the lung, and from breakage into or incision of infected hilar lymph 
nodes during dissection of the bronchus stump. Peribronchial infection, too. 

From the Department of Surgery, University Hospital, Saskatoon, Sask., Canada. 
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may result from transgression of infected tissue planes, particularly in seg¬ 
mental resection for i)ulmonnry tuberculosis. Infection may also occur out¬ 
side of the stum]) as a result of leakage of intrabronchial secretions if closure 
of the bronchus stumj) has been inadequate. A furthei' soui-oe of extrabron- 
chial infection is failure to eliminate rapidly the j)leural dead .space following 
resection of a segment or lobe. The re.snlt.s of such infection are peribronchial 
abscesses, with or without an overt thoracic empyema, and stump breakdown. 

Second, endobronchial infection is u.sually a complication of the surgical 
i-eseetion of tubei'culous lung. It has been clearly shown that tuberculous in¬ 
volvement of the mucosa and .submuco.sa. at the line of section, is tu'csent in 
more than two thirds of resected bronchi. It de])cnds on the degree and ac¬ 
tivity of this tubei'culous jirocess how serious a deterrent such involvement is 
to wound healing. Kndobronchial infection is of lesser importance in the sur¬ 
gery of bronchiectasis or other ])ulmonary infections. 

7’hird, intrabronchial infection is almost entirely a complication of poor 
surgical technique by which a long bronchial stum)) is left as a cul-de-sac for 
the collection and infection of retained bronchial secretions. 

By any of the above modes of infection, delayed healing or actual dis¬ 
ruption of the bronchus stum]) may occur since infected structures rarely heal 
well. A thoracic emiiyema may jn-ecede or follow the breakdown of the bron¬ 
chus so that brnnehoiileural fistula and empyema ai'C usually concomitant 
complications. 

Devitalization .—Close to infection is devitalization of the cut end of the 
bronchus as a cause of stum]) breakdown. The bionchus heals at its end and 
if this end is deprived of an adequate blood supply then necrosis is inevitable. 



classic experiments of Rienhoff and co-woi'kcrs^ have shown that a ))leural 


flap alone , without bronchus suture , will urevent fistiih'i .foi'mation in the ex¬ 
perimental animal. 


Technique .—Errors in technique rank high among the causes of broncho¬ 
pleural fistula. Although these will be discussed in detail latei', the more im¬ 
portant errors are too lone’ n .stiniiT). devitalization of the stump, too miieli 
suture materia l, and inadequate coverage of the suture line. 


I'KEVKNTION OF BRONCHUS BREAKDOWN 


AVith the knowledge that most bronchopleural fistulas I'esult fi-om infec¬ 
tion, devitalization of the stump, or technical error, some ob.servations can be 
made on their prevention. 

First, no patient should be operated iipo-- —:■ A 'I which 
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abscess, preoperatwe physiotherapj-- and tbe appropriate antibiotics must be 
administered until the bronchial tree is as “dry” and infection free as possi- 
l)le. These measures will ensure a healthy bronchus stump and a minimum of 
secretions in ease of accidental spillage during resection. These points are 
of lesser importance in the surgery of pulmonaiy cancer exee])t when the lung- 
distal to the growth is infected. 

Second, when lung overlying cavities, abscesses, or solid caseous lesions 
is being mobilized i t must be done extrapleurally so that the lesion is not 
broken into and the pleural space contaminated. Except in pulmonary cancer, 
overzealous gland dissection must be aA'oided lest caseous and/or infected 
nodes be broken into with resulting peribronchial infection. 

Third, transgression of infected tissue planes must be avoided bj^ sub¬ 
stituting a lobectomy for a segmental resection if the latter procedure is g o¬ 
ing to mean stripping through infected lung . This problem is almost exclusive 
to segmental resection in pulmonary tuberculosis. 

Fourth, rapid elimination of the pleural dead space after resection is im¬ 
portant in reducing postoperative empyema and fistula. This is obtained by 
careful preoperative physiotherapy and sustained postoperative physiotherapy 
to aid rapid elimination of the dead space. Adequate tube drainage of the 
pleural space with or without suction will encourage expansion of the lung. 
Finally if there is obviouslj’- going to be considerable discrepancy between the 
remaining lung and the pleural space, space reduction bj'- phrenic crush, pneu¬ 
moperitoneum. or thoracoplasty must be done. 

Fifth, the most imiportant source of breakdoAvn of the bronchus stump is 
failure to observe high division of the bronchus. If the bronchus is not di¬ 
vided almost flush with the trachea ditring pneumonectomy or as close to the 
parent bronchus as possible during segmental resection or lobectomy, then a 
sump for the accumulation of secretions is left. This is the greatest source 
of postoperative stump infection, delayed healing, and breakdown. 

Sixth, devascularization and sloughing of the stump can be limited by 
avoidi ng overzealous peribronchial gland dissection except in pulmonary 
cancer. Extensive peribronchial dissection will unavoidably damage bronchial 
arteries and lead to devitalization of the termination of the bronchus. When 
a bronchial artery must be controlled, a terminal transfixion stitch of fine silk 
is used just proximal to the level of bronchus section. Also proximal clamps 
are best avoided unless they are of the noncrushing type, e.g., Pott’s artei-y 
clamps. 

Seventh, no resection is complete unless the suture line is covered, pref¬ 
erably by living intrathoracic tissues^ The best and simplest tissue is a pedi - 
eled pleural flap but a free pleural graft, mediastinal tissues, pericardial flaps, 
and even pedicled intercostal muscle bundles may be used. It has been 
sho-^ra that this step is more important than any other except flush resection 
of the bronchus stump. The animal expei-iments of Rienhoff’’ demonstrated 
this point beautifully. 
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Eighth, altliougli many antlioi's place great reliance on a particular type 
of suture material, the amount of suture material and the carefulness of its 
placement are probably ms important as the type of material. It is generally 
agreed that nonabsorbable suture material is best, although Bjork' recently 
claims equally good results with catgut. Host author.s favor fine atraumatic 
silk or atraumatic stainless steel wire a nd the fewest sutures compatible with 
closure should be used. These must be tied firmly enough to ensure an air¬ 
tight closure but not so tight as to cause necrosis or to cut through—approxi¬ 
mation without strangulation. 

Finally, the technique of closure itself may be the cause of broneho])leural 
fistula. Host of the possible errors in technique have been mentioned above 
but those will be re-emphasized as I describe the simi)le technique of bronchus 
closure I have used in over 200 consecutive rcscction.s. 

TECHNIQUE OF BRONCHUS SUTURE 

Keeognizing the points already discu.sscd, the technique of closure of the 
resected bronchus rests iqion several very important principles. These could 
be summarized in the following adjectives—gentleness, brevity, simplicity, 
and coverage. Since resect ion of the right upper lobe is one of the commone.st 
resections in pulmonary tuberculosis and one of the commonest sources of 
fistula let us comsidor the surgical technique of dealing with this bronchus 
as our oxam))le. Let us assume that all the essential ste))s prior to the actual 
bronchus section have been performed. 

llinimal peribronchial dissection is done with no stripping of tissues and 
no overzealous gland dissection except in cancer surgeiy. Thus, the bronchial 
blood supply is not compromised. The bronchial arteries, usually three in 
number, are underrun unth 3-0 atraumatic silk and tied as close to the parent 
bronchus as possible,.since this will be immediately proximal to the line of 
section. This ensures an adequate blood supply to the cut end of the bronchus 
and also prevents these sometimes formidable vessels from spurting during 
the closure of the bronchus—an important point if the open-bronchus tech¬ 
nique is being used. A Brock (toothed) bronchus clamp is placed as distal as 
nossible on the bronchus and elo.sed eomnletelv . This prevents spill from the 
lung when the bronchus is cut and T have never known this clamp to come off. 
The n a curved Pott ’s aorta clamp is placed across t he right up per l obe liron - 
chus. flush with th . and the 

ture can 

. . ons with 

no complication. Its pre.sencc prevents eseaiie of anesthetic gases and spillage 
of secretions, blood, or other elements into the bronchus. It also relieves one 
of any hurry in suturing t he bronchus which c,nn be sutured, in full view , care¬ 
fully and unhurriedly after the lobe (lung or segment) has been removed. 

Nonabsorbable .suture material is used “^ ■■■ gg 

1 *- ■ •‘—4 

staiiucss ♦st eel vv^re on ar vvirp ik 

used, two 2-0 silk sta.v 






74 


LYSTN 


J. Thoracic Surg. 
July. 1958 


of the bronchus. The Pott’s clamp is removed and the bronchus is closed by 
the open technique. A through-and-through stitch is placed centrally and 
two additional stitches are placed on each side of this central one. The two 
stay sutures are tied and the ends left long. Seldom are more stitches needed 
to ensure adequate closure. The bronchus stump is covered by 1/1000 pro¬ 
flavine solution while the anesthetist api^lies 25 to 30 mm. Hg pressure to the 
suture line by squeezing on the bag to test the airtightness of the closure. As 
few stitches as possible are used. Two for a segmen t an d five to seven for a 
lobe or lung are usual. There is no need for complex closures, curvilinear 
incisions, dissection or cutting of cartilage s, or mattress stitches . Brevity of 
stump length and brevity of suture material is combined with a simple stitch 
to ensure firm apposition without strangulation. 

A large pedieled pleural fiap is then raised from the posterior chest wall 
and sewn down onto the suture line by means of the two stay sutures which 
are rethreaded. If silk has been used throughout, additional stitches are left 
long and rethreaded so that the pleural flap can be closely annroximated to 
the suture line and not just ‘^tented” over it. ‘‘Tenting’’ leads to the accumu¬ 
lation of blood around the suture line Avith the danger of a peribronchial 
hematoma forming and leading to a peribronchial abscess. Careful i-einforce- 
ment of the suture line is next to high division of the bronchus in preventing 
fistula. The two points are complementary because a short stump (as Avell as 
being more easily covered) retracts into the mediastinum and so buries itself. 
Surrounding mediastinal tissues, pericardial fat, or flaps, free pleural grafts, 
and hinged intercostal muscle bundles can also be used but pleura is simple 
and adequate and generally available. Even a free pleural graft adds greatly 
to the tensile strength of the bronchus closure .- 

The pleural space is Avashed out Avith proflaAune and, after this is sucked 
out. 1 gram of streptom.Amin crystals and 50.000 units of bacitracin poAvder are 
placed over the site of the b ronchus stump. The chest is closed leaAdng one 
apicobasal No. 40 Bardex A\diistle-tip catheter in the chest for the removal of 
air and blood during the postoperatiAm period. This is connected to 3-bottle 
suction at 20 mm. Hg suction pressure. 

Using the aboA-e technique, oA^er 200 conseeutiA’e resections have been per¬ 
formed Avith only 2 bronchopleural fistulas. These 2 fistulas yleveloned in 150 
resections for nulmonary tuberculosis . Both bronchi (a right upper lobectomy 
and a left apicoposterior segmental resection) Avere closed Avith silk . No 
fistulas haA'^e occurred Avhen A\dre Avas used to close the stump and there have 
been no fistulas after resection for bronchogenic carcinoma or bronchiectasis, 
or after segmental resection for simple pulmonary tumors or other lesions. 
AVire imparts no greater tensile strength to the bronchus closure- but. its 
inertness and its nature. Avhich requires greater care in, its use. Avire is th e 
preferable nonabsorbable suture for bronchus closure . This is particularly so 
in tuberculosis Avhere there is a high (histologic) incidence of endobronehitis 
at the suture line and in bronchogenic carcinoma Avhere an extensive hilar 
gland dissection usually accompanies the resection. 
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SUM'MMil \M) CONCIUSIONS 

Piol)kms .issoeiatcd with the dohiiie of the hionchus stiiinp haie been 
leMcneil Infettion, (lc\it,ili7ntion, and eiiois in technique aie the common 
cst eansics of Inoneluis bieaKdown These can be .noided In oliseieing “flush” 
section of the bionchns to a\oid a sump, b^ gcntleniss in peribionchial dissoc 
tion to aioid deiasciilnii/ation of the stump and In the use of as few sutuics 
as possible to close the stump which must be eaiefullj coveied b\ Ining intia 
thoiaeio tissues Wiie is the piefoiablc siitiiie mateiial foi hionchus suture 
An incidence of less than 1 pei cent bionchoplcuial fistula is leeotded bj ob 
selling these piinciplcs in oiei 200 pulmonaii lescctions 

nHFRLNCl.S 

1 Bjork, V 0 Suture Alitdnl and Ttelmiquc for Broutlnal Clo'^urc ind Bronchial Auaafo 
iiiosis, J Tjioi vcic &u?c 32 22, 1^56 

J Gofh, F S, nnd Gonenhes F I Closure of Bronchial Stump Vftcr Pneumoncctoni\ 
Conip'in«*on of Some lechnique‘5 Through LNiluition of Tensile Strength of 
Suture, Surgery 42 511, 10)7 

3 Ricnhoff, W F, Gannon, 1, niul Sherman, I Cloburc of the Bronchus Stump Follow 
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PRIMARY REPAIR OF FRACTURE OF THE LEFT 
MAIN-STEM BRONCHUS 

Billie G. Streete, Lieutenant Colonel, USAF (AlC), and 
Fred E. Stull, Jr., Alajor, USAF (AlC), Wiesbaden, Germany 

F racture of a main-stem In’onelius is said to be a relatively common com¬ 
plication of severe trauma to the thorax. However, the opportunity to treat 
such an injury of the left main-stem bronchus is relatively rare since the patient 
does not usually survive because of laceration of the closely related aorta. 

The condition was described in 1906 bj’’ Barford,^ in England, at autopsy fol¬ 
lowing severe chest trauma. Sanger,^ in 1945, reported 2 cases in which success¬ 
ful suturing of the bronchus was carried out, but it was not until 1948 that 
Griffith^ reported the first successful resection of a stricture and re-establishment 
of continuity 8 months following injury. The longest interval between injury 
and repair was 15 j-ears. Mahaffej^ reported a case successfully repaired 11 
years following injury. The ventilator.y function improved progressively in this 
ease; however, oxygen consumption did not improve equally and the patient was 
partiallj’’ desaturated following breathing 100 per cent oxygen. 

CASE REPORT 

A 22-year-old airman was admitted to the 7100th USAF Hospital on Oct. 10, 1956, fol¬ 
lowing an automobile accident 24 hours previously. He was driving and had struck his chest 
against the steering wheel after hitting a tree. 

On admission he was lethargic and breathing heavily. Tliere was subcutaneous emphy¬ 
sema over the left chest with the caidiac border shifted to the right. Hamman’s sign was 
present. There were no localizing neurological signs. Blood pressure was 108/70 mm. Hg; 
pulse, 96, and respirations, 28. There were decreased breath sounds over the left chest and 
swelling of the right supraclavicular area. Abrasions over the forehead were present. 

On admission, the hematocrit was 43 per cent; the white cell count and differential were 
normal; urinalysis was negative. Roentgenograms revealed 60 per cent pneumotliorax on the 
left side with severe mediastinal and subcutaneous emphysema (Fig. 1). 

On the day of admission a multiperforated No. 28 colon tube was inserted into the left 
chest laterally and threaded up to the apex of the chest. There was egress of air and fluid re¬ 
vealing a tension pneumothorax. On the following day, the lung nas expanded (Fig. 2). On 
October 12, the patient was cyanotic and dyspneie, with a fever of 102° F. An electrocardio¬ 
gram was negative. Roentgenograms revealed complete atelectasis of the left lung, with 
marked shift of the mediastinum to the left (Fig. 3). Minimal pleural reaction was present. 
Bronchoscopy revealed a necrotic area completely stenosing the left main-stem bronchus, 3 to 4 
cm. from the earina tracheae. The bronchoscope could not be passed beyond this area and blind 


From the 7100th USAF Hospital, Wiesbaden, Germany. 
Received for publication Jan. 13, 1958. 
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probnip did not seem ndMsnblo beeaw**^ of tlio posmhilitj of jiorfointion into tin. ineili'i*?ti 
nnm trnihro'^tonij n i'* peiformod On Octolior 16^ l»ront)io«cop\ vipldid identical finding*! 
During this tinu the left lowir lobe was loinplttUj itolect itic and pneuniomtia doM.loi>td in 
the right lower lobe Ihc patient was c} inotie c\en iii an o\jg(n tent lie was treated with 
antibiotics and began to improie cliincnll) ns the pntuiaoni v in tlie right lower lobe risohed 
(Fig 4) On October a planignni showed an obstructed left bronchus with a small amount 
of air in the bronchi beyond (Fig 5) A brontliogiam on October 10 demonstrated a 2 cm 
segment of obstruction wliieh permitted n \or 3 small amount of Bionosil to pass along the in 
fenor border of the bronchus, this was interpreted as a fracture with granulation tissue (Fig 
6) Pleural reaction increased ripidh after October IG, to produce a m isMve eflusion with 
shift of the mediastinum to the nglit which required repeitcd thoracentesis from the sixteenth 
to the thirtieth of October (Fig 7) 



Piff 1—Oct 10 19 j 6 The Initial film demonstr Ues left pncumothoiax meaiastlnil and sub 
cutaneous emphjseiiia of marked defciee There is no ineiliastinal shift 

It was thoiiglit that if drainage of the left lung could not be established soon pulmo 
narj function ind cren tie lung itself would be lost due to bronchiectasis or lung abcess, 
further that the fractured superior bordtr of the b ft mam bronchus would continue as the 
source of mediastuntis and cffusiOD On No\ 1, 1956, a left thoracotomy was performed 
'I he loft lung was collapsed and approxinntch 3L of fluid wt re prcsi nt The dissection at the 
left hilum was difficult because of the previous melnstimtis After the arch of the aorta had 
been partially mobilized, the left main stem bromhus was xisualized and revealed a complete 
fracture of the bronchus which included the raucous immbranc Tie surrounding imdustmal 
structures had fallen into the fracture line causing occlusion of tlic bron lius The bronchus 
was opened and the excess mediastinal tissue w is cut away Thick mucoid material vias 
aspirated from the bronchus Tlie bronchus was closed, using one 1 iver of interrupted No 3 0 
silk The bronchus was not as firm on the cartilaginous side as the operator wislied due to 
softening of two cartilaginous rings Tlie endotracheal ( itheter, which liad previoush been 
down the right mam stem bronchus during the operation to isolate the left wa'i moved 
back into the trachea and tie left lung expanded and deflated well *, 7 *. 




Fig. 2. Pig'. 3. 

Pig. 2..—Oct. 12, 1956. Left intrathoracic tubes were removed after full re-expansion 
of the left lung and progressive resolution of mediastinal and subcutaneous emphysema. A 
pneumonic infiltration is conspicuous at the right base. 

Pig. 3.—Oct. 13, 1956. There is opacification of the left heniithorax due to a large 
effusion and atelectasis. In spite of effusion the atelectasis resulted in mediastinal shift to 
the left. Pneumonia at right base again noted. 






Ftc G 


Fie. 7. 

Fig 6—Oct 10, 195C OII> DlonosU, instilled >%itliout anesthesia, demonstrates an abrupt 
implnpoinont on the upper a'*pect of the left main-stem bronchus for about 1.5 cm A thin 
passapG alonfj the inferior border Is open, but the lobar bronchi beyond could not bo filled 
Fie 7—Oct 31, 195C Recurrent massive left pleural effusions have returned the 
mediastinal structvires to the midline in “pUe of atelectasis. 
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During tlie next 2 months periodic bronchoscopy was performed to make certain no 
stricture was forming. The patient’s last visit was one year following surgery (Pig. 8) at 
which time a bronchoscope easily passed the area of anastomosis; however, a hronchogram 
(Fig. 9) showed indentation on the upper border of the bronchus at the cartilage defect, but 
without a stricture, as observed at bronchoscopj’. Although no preoperative function studies 
were carried out, one year following surgerj- the vital capacity was 95 per cent of normal and 
the maximum breathing cajiacity was 101 per cent of normal. At the present time he is doing 
full duty as an aircraft crew chief. 


SUaiMART 

This case represents a fracture of the main-stem bronchus due to a crushing 
injury of the chest with a force of injury being transmitted to a closed hollow'^ 
viscus. It is unusual that the patient experienced no broken ribs or hemoptysis; 
however, similar eases have been reported.^ The immediate expansion of the left 
lung b 3 '’ closed-tube drainage, followed bj^ complete atelectasis the next day can 
be explained bj’- the entrance of adjacent mediastinal tissue into the fracture site, 
causing complete stenosis. Planigraphj’- and bronchography supplemented 
bronehoseop}’ to demonstrate the site and length of injtirjr. Repair was per¬ 
formed 20 days following injxuy. It is suggested tliat the treatment of fracture 
of a main-stem bronchus is re-establishment of continuity as soon as clinically 
possible, so as to prevent bronchiectasis or abscess with the resultant loss of 
pulmonary functions. 
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THE TREATMENT OF APPARENT SOLITARY 
PULMONARY METASTASES 

Robeit G. Pmkei, Al D., Seattle, Wash. 

I N CARING for patients «itli malignant neoplasms, evidence of a distant metastasis 
ordinalily is considered S 3 'nonymons with iinconti-ollable disease In the past 
few yeais, there have been seiernl icports of gratifying results following treat¬ 
ment of appaient solitary pulmonary nictastascs.’"' Treatment in these reported 
eases has been surgical This is a repoit ot 7 eases in which treatment of ap¬ 
pal cut solitaiy pulmonaiy mctastascs ma 3 ' ha\e been of lalue in the caie of 
patients In one of these, the onLv treatment of the pulmonary metastatic 
lesion was 113 ’ irradiation, while in a second, renewed local progression of the 
metastatic lesion, following initial response to irradiation, necessitated resec¬ 
tion. The other 5 patients were tieatcd initiall.v b 3 ' resection, 

CASE REPORTS 

Case 1—The patient uas n 53 3 caroId white uoninn who hnd hnd her left forearm 
amputated 12i^ 3 ears preiiousl} for mnligiiaut sinoMoma iniohing the wrist One and 
one half 3 cars later, 11 mass was noted in the lower lobe of the right lung (Tig. 1). A 
right pneunionecfoui,! was performed at that time The tumor measured 10 bi C lo 5 cm, 
and was moderateb well encapsulated The pathologic diagnosis was malignant neoplasm 
consistent with metastasis from the malignant sjnotionia of the left wrist This patient 
remains well 11 }cars after resection of the puliiioiiari metastasis 

Case 2.—This patient was a 60 3 earold white wora,an who had been seen at the Tumor 
Institute 1134 years previous!} because of ,abnorni.aI Miginal bleeding of one month’s dura 
tion. The cor\ix was firm and nodular. There was palpable induration and ulceration 
extending into the left vaginal vault. The pathologic report was adenocarcinoma of tlio 
eiidoccriix Treatment was 113 means of anginal and intrauterine radium, followed hj SOO 
kv. roentgen therap 3 to the pebi" Nine and one half years ago, a 1 cm. diameler nodule 
was noted m the upper lobe of the right long (Fig 2) Because this patient was employed 
111 a tuberculosis hospital and there was apparent central calcifli ation 111 the nodule, ohserva 
tioii was reconiineiided. Following a raj e\idenee of increase in the size of the nodule 
IFig 3), the upper lobe of the right long was reseeteil 0 j'cnrs ago Tho pathologic diag 
iiosis of the lung nodule was metastatic ndenoearemoma This patient is well G years after 
resection of tho nielastntie lesion and 11 y. jears .iflcr treatment of the primary lesion of 
tljo eniloceniY. 

Case 3 —Tiie pTtierit a 43 ^}earoI<l nhitf' man who had Jiad an enJar^in^ pigmented 

ksjon of tLc skin of his left ImeK treated olsowlicre by elcctrocautcry 9 jears previously. 
One and onelialf jear-s later, a nodule was excised from the left anterior avillarj line. Tins 
was reported elsewhere as “nialignnnt tissue.** Tins patient was first seen at the Tnnior 

From the Tumor Institute of TJic Swedish Hospital 
Recel\ed for publication Dec 18. 1957 
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Case 1. Metastatic synovionm in the lo^ver.lobe of the rjf t luns noted 18 months 
after resection of malignant synovioma of the left ^^nst. 


Fig. 2.—Case 2. Pulmonar.- parenchymal nodule noted- 9 Vj jears ago, 2 jears 
treatment of adenocarcinoma of endocervi^ ^ight 

Fig-. 3.-—Case 2.—Lesion shown m Fig. 2, 3% >ears » 
hing was resected 6 years ago. 
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rnstitiite 7 jpfirs jiko. At tlmt tiino, hccnu&c of palpable abnormality beneath the soar of 
the previous oncimou in the anterior axillary line amt in the loft axilla, a Aiidc o.\oi‘»ion, 
with removal of the pcetoralis inuseU'9, nml a left axillary dissection were performed. There 
was metastatic malij;nant melanoma in the palpable mass and in one of fourteen axillary 
nodes examined. Two months later, throe posterior left chest nail skin nodules were reino\pd. 
Pne ;>ears n^o, tins patient reported to The S\\edis.li Hospital with sc\ere hemojdysis. On 
chest \ ray, there was e\\deiicc of a left bilar mass (Pip. 4). Because of the onset of 
massive hemorrhage, the exact site of origin of the blccdinp could not be determined at 
bronehoseopy. A left pneumonectomy nas performed in an nttemjit to control this mnsstio 
hemoptjsis. There nas a firm mass nithia the lung, immediately distal to the left hilus. 



Fig 4.—Case 3. INTctastatic malignant melanoma eroding caitllages of proximal major bron¬ 
chus of loner lobe of left lung 

On examination, this oioid tumor, 3 by 2i^ by 2% cm., had eroded bronchial cartilages and 
nas projecting into a major Inonclms in the anterior loner lobe. Tlie pathologic diagnosis 
nas metastatic malignant nielunoniu. Theie nas no histologic evidence of metastatic tumor 
m thirteen Ijmiph nodes examined. A local recurrence in the scar on his back nas excised 
1 }car ago and, to date, 5 years after pneumonectomy, this patient remains clinically nelh 

Case 4.—Tliis patient nas a 44 year-old nliitc noman nho dated a mass in licr right 
breast from the onset of menses 35 years proiously. A second mass in the same breast had 
been present for tlie preceding 12 years. The larger mass, first noted in the breast, recently 
had increased in size prior to her initial examination at The Snodisli Hospital. Pollening 
a biopsy report of fibrosarcoma from the larger mass, u right simple mastectomy had been 
performed 0 years previously. The pathologic report of the smaller mass was fibroadenoma. 
Tlie patient then nas followed elsewhere by a pliysieian for whom she worked, until 2 
years ago, when she returned with a 6 week history' of severe nonproductive cough. At that 
time, there was -x-ray evidence of a mass in the upper lobe of the left lung (Fig. 5). The 
upper lobe was then resected and it was noted that this 5 by 4 by 2 cm., well-circumscribed 
tumor extended to the pleural surface. The pathologic diagnosis was metastatic sf«rr*nmn 
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The patient was clinically well until 6 months later, when she complained of severe left 
headache. One month later, she was hospitalized elsewJiere for this complaint and craniot¬ 
omy uas performed for a tumor in the left cerebral hemisphere uhich piovcd to bo metastatic. 
The patient died postoperatively. 

Case o. —The patient was a 39-year-old white man who had had a left orchiectomy 
3 years previously. The pathologic diagnosis was embrjmnal carcinoma with blood vessel 
invasion. He was then seen at the Tumor Institute where postoperative 400 kv. roentgen 
therapy was directed to iliac and periaortic Ijunphatic pathways to the level of the renal 
pedicles. The calculated midplane dose was 3,000 r in 47 days. One year later, tno nodules, 
with greatest dimension of 4 cm., were noted in the superior dorsal segment of the lower 
lobe and lingula of the left lung (Fig. 6). These nodules nere treated with 400 kv. x-ray 
through opposing anterior and posterior fields, 10 by 10 cm. The calculated midplane dose 



_.. J 

Fig. 5 .—Case 4. Jletastatic sarcoma in the upper lobe of left lung 4 years after right simpie 

mastectomy. 

in the chest was 2,300 r in 20 days. As can be seen on the accompanying x-ray reproduction 
(Fig. 7), 6 months later the residual lesion in the lung was barely evident. Fourteen months 
after roentgen therapy, one nodule had regrown to an estimated diameter of 3 cm. (Fig. 8). 
At that time, the lower lobe of the left lung was resected. The pathologic diagnosis was 
metastatic embryonal carcinoma. This patient remains well 30 months after pulmonary 
resection. 

Case 6._The patient uas a 26-year-old white man uho had had a right orchiectomy 

3i/i years previously. The pathologic diagnosis uas malignant teratoma u-ith embryonal 
carcinoma. He was’ seen at the Tumor Institute postoperatively, where 400 kv. roentgen 
therapy was directed to the right iliac and periaortic Ijunphatic pathways to the level of 
the renal pedicles. The calculated midplane dosage 2,500 r in 43 days. SLx months 
later, there were at least two nodules, with greatest dimension of 3 cm., in the right mid¬ 
lung as visualized on x-ray studies (Fig. 9). The involved portion of the lung was treated 
u-ith 2 MEV roentgen therapy through opposing anterior and posterior circular fields, 8 cm. 
in diameter, with a calculated mid-plane dose of 3,000 r in 29 days. The lesion visibly 
disappeared on x-rav within 6 months. Three years later, the lungs appear normal in 
x-ray studies of the chest (Fig. 10). It should be noted that in this case, as in the other in 
which roentgen therapy uas directed to the lung, there is no x-ray evidence of pulmonary 
parenchymal damage. 

Case 7.—This patient was a 57-year-old white man who was first seen in the Tumor 
Institute 2% years ago. He had liad a right orchiectomy 9 years before. The pathologic 
diagnosis at that time was interstitial cell hyperplasia of the testis with a question of 
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Fig c—Case 5 Metastatic ombrjonal carcinoma in Jingula and lower lobe of left lunj, 
1 3 car after orclilcctoni) mU po3toi)erati\c irradiation 

Fig 7—Case S Minimal residual abnormalltj 6 months after roentscn thcrapj to 
piilinomrj motastases 
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Fig. 9. Fig. 10. 

Fig. 9.—Case C. Metastatic embryonal carcinoma in teratoma 6 months after orcViicc- 
tomy and postoperative irradiation. 

Fig. 10.—Case 6. Normal appearance of chest 3 years after roentgen therapy for 
metastatic embryonal carcinoma. 



Fig. 11. 


Fig. 12. 


, Fig. 11, 
orchiectomy. 


Case 7 


Fig. 12.—Case 7. 
interval since Fig. ii 


Metastatic interstitial cell carcinoma of the testis, 6% years after 


Jletastatic nodules with evidence of enlargement during the 6-month 
was made. 
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teratoma. One year prior to initial admission at the Tumor Institute, he had noted bilateral 
gjmccomastja vOnch had progressed until the enlarged breasts were of definite female 
appearance. Six months prior to admission, three circumscribed pulmonary metastases in 
the left lower lung were discovered (Fig. 11). These had increased slightly in size in this 
interval (Fig. 12). At time of admission, the Aschheim-Zondek test was negative. Twenty- 
four-hour urine 17 ketosteroids were 12.2 grams. The test for FSH was negative at about 
six mouse units with no definite end point reached- TJio tracheobronchial tree was normal 
at bronchoscopy. Two and one-half years ago, lingulcctomy and wedge resection of the 
posterior basal segment of the loAvcr lobe of the left lung were performed. The well- 
circumscribed tumors measured 8 by 6 by 3 cm. and about 2 cm. in diameter in the lingula, 
and 6 by 3 by 2 cm. in the posterior basilar segment. The pathologic diagnosis 3vas 
metastatic interstitial cell carcinoma in the lung. Presently, this patient is w'ithout evidence 
of disease. The gynecomastia has partially resolved in tlie interim. 

DISCUSSION 

Presentation of these cases is not an endorsement of ill-considered onslaughts 
on pulmonary metastases. Usually, the appearance of a pulmonary metastasis, 
regardless of possible control of the primary lesion and the interval preceding 
the clinical appearance of the metastasis, is considered sj^noiijinous with in¬ 
curability. In each of these 7 eases, representing varying forms of cancer in 
patients of varying ages, treatment of the pulmonary metastases has been of 
value in the inanageinont of tlic patient, whether or not permanent clinical 
freedom, from disease has been accomplished. The 2 young men with testicular 
neoplasms (Cases 5 and C), both with young families, have had to 3 years 
of good health since the treatment of the metastases. Two women (Cases 1 
and 2) remain well G and 11 years, respectively, after treatment of this usually 
fatal development. One man (Case 3) has remained functional for 5 years 
after pulmonary resection for intractable hemoptysis, although ho is not con¬ 
sidered free of disease. In Case 4, the accomplishment is open to question, 
although the patient was asymptomatic for 6 months until sudden terminal 
illness ^Yith cerebral metastasis. 

These cases illustrate the vagaries constantly present in the evaluation and 
treatment of patients with malignant tumors and they again emphasize the 
necessity for treating each patient upon an individual basis. 
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POSTOPERATIVE EAR OXIMETER STUDIES ON PATIENTS 
WHO HAVE UNDERGONE PULMONARY RESECTION 

Karl L. Siebecker, M.D., Paul E. Sadler, M.D.,* and 
John T. Mendenhall, M.D., Madison, Wis. 


T his study was undertaken to determine the effect of pulmonary resection 
on the blood oxygen saturation of patients during the postoperative period. 
We also wanted to see if this measure of oxygenation could be correlated with 
clinical findings, and to determine whether ear oximeter readings would 
indicate the status of pulmonary function following thoracotomy. It was also 
thought desirable to see if the use of the ear oximeter could be of value in 
predicting impending complications, before more cumbei’some diagnostic aids 
were used. 

Maier and Cournand^ reported, in 1943, a series of 38 patients, on whom 
arterial blood oxygen saturation was done after pulmonary resection, by the 
Van Slyke and NeilP manometric method. In 1954, Bjork and Hilty^ reported 
a series of 32 patients, on whom the arterial blood oxygen tensions were de¬ 
termined by the method of Riley, Proemmel, and Franke'* after pulmonary 
resection. 


These reported studies are rather difficult technically, and the blood 
samples were taken at irregular intervals during the postoperative period. 
The direct-reading ear oximeter,! which was used in our study, is relatively 
simple to operate, requiring only about 5 to 7 minutes per patient to obtain 
the blood oxygen saturation. The method is painless and of little bother to 
the patients. If one appeared daily before a postoperative patient to do an 
arterial puncture, considerable objection to that procedure probably would 
develop before 10 days had passed. Our study appeared more practical, and 
we were able to do tests for all 62 patients daily, and a few several times a 
day, with no resistance or objection at any time. In fact, a good number of the 
patients appreciated the extra care ivhen the purpose of the test was explained 
to them! 


Earl Wood,® in 1949, described the ear oximetei', which records absolute 
values accurate to within ±3 per cent. Stephen and co-workers® reported the 
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•iverago clisoropaney between blood oxygen saturation as measured by t)ie Van 
Slyko manomotrio metbod and the oximeter values at about ±2.5 per eent in 
100 patients with normal circulation. 

METHOD 

The blood oxygen saturation was detei'inined bj' ear oximetry daily for 
10 days postoperativcly in a series of 62 patients who had various types of 
resections for tubercidosis. In this series, most of the preoperative readings 
were taken just prior to induction of ancsthe.si3, and after the patient had 
received only a belladonna derivative, usually scopolamine, for premedication. 
A few readings were taken the day prior to operation. The oximeter was 
used as a monitor during the operation, but these results are not included 
in this study. A reading was taken on each patient the afternoon of the opera¬ 
tive daj' when the patient was awake and responding. Determinations were 
made at least once daily, usually between 3 ;00 p.ji. and 4 ;00 p.m. or between 
10:00 A.M. and 11:00 a.m. for 10 days. 

Operations performed on these patients included 29 segmental resections, 
20 lobectomies, 3 pneumonectomies, 2 decortications, 4 space-filling procedures, 
1 closure of a bronchopleural fistula, and 3 open drainages. Two patients in 
this series died within the 10-day period. Five patients of the group studied 
had postoperative atelectasis, severe enough to require treatment. 

The average blood oxygen saturation for normal subjects breathing room 
air is 97 per eent, ranging from 92 to 102 per cent. Our oximeter was calibrated 
on 12 normal subjects, breathing room air, and found to average 96.5 per eent. 

RESULTS 

The pre-induction readings in this series of patients ranged from 85 per 
cent to 100.5 per cent with an average of 93 per cent. The lower average in 
this series is attributed to loivercd pulmonary function due to disease, rather 
than premedieation. As a control, 38 patients ndth vaiying stages of pul¬ 
monary tuberculosis, who had not had thoracic operations, were checked by 
ear oximetiy. The average in this control series was also 93 per eent, ranging 
from 88 to 97 per cent. 

O.xygen, by nasal catheter, is routinely administered to our patients for 
a period of 12 to 24 hours postoperativcly, and longer in a few patients re¬ 
quiring it. Accordingly, the i-cadings taken on the operative day arc generally 
higher, the average being 97 per cent. The lowest readings occurred on the 
second and third postoperative days, when the average was 89.5 per cent. The 
blood oxygen saturations then gradually returned to near normal levels, for 
this group of patients, and were at preoperativc levels by the seventh to the 
tenth postoperative day. 

DISCUSSION 

In some oases those observations correlated well with other clinical 
such as x-ray and blood gas studies. The 5 patients wh-' atek 
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severe enough to require bronchoscopy or tracheal aspiration, had an average 
oximeter reading of 87 per cent on the second, third, and fourth days, and 
an average of 90 per cent on the fifth day, at which time the atelectasis usually 
had cleared. In other patients, the low readings could be accounted for by the 
fact that the patient had poor pulmonary function before and after operation. 
Some patients had severe pain during breathing, coughing, or moving and a 
very few low readings could be attributed to depressed respiration from the 
effect of opiates. 

There were a few low oximeter readings for which the cause could not 
be determined. At the present time we are using the method of Alexander 
and Reydman,'^ described in 1953, for measuring the oxygen resaturation time 
in order to determine whether oxygen diffusion may be a factor in these un¬ 
explained low readings. We are also measuring the total and the timed vital 
capacities on the same patients during the postoperative period. 



Pig. 1 ._Average oxygen saturation (by ear oximeter) in patients after thoracic operations. 

In most cases there seemed to be very little correlation between oximeter 
readings and pulse rates. Pulse rates varied with elevation of temperature, 
excitement, pain, and exertion. Hypoxia had to be quite severe before eleva¬ 
tions in pulse rate occurred in these patients, most of whom were lying quietly 
in bed the first few postoperative days, except during the times they were en¬ 
couraged to sit up, cough, and take deep breaths. 

In conclusion, it was found that the blood oxygen saturation of this series 
of 62 patients was lowest on the second and third postoperative days with a 
gradual return to basal levels by the seventh or eighth day (Fig. 1). In pa¬ 
tients who had obvious I’espiratoiy complications, the readings were below 
aAmrage. 

It is thought the ear oximeter can be useful as a guide in evaluating pul¬ 
monary function in the postoperative period following thoracotomy. We 
found occasional instances in Avhich severe pulmonary complications could be 
predicted from the oximetry readings. Oximetry does not indicate a specific 
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diagnosis, and there were instances in whicli patients exhibited low oxj’gcn 
saturation when we were unable to discover any puhnonaiy or circulatory 
complications. 

Further studies, including other pulmonary function tests, arc in progress 
in an effort to determine the cause of these few unexplained low blood oxygen 
sattirations. 


SUJIMARY 

Sixty-two patients undergoing intrathor/icic operations were studied in 
regard to arterial blood oxygen saturation. Tliesc -u'ere made by means of 
an ear oximeter for 10 days following operation. The second and third post¬ 
operative days produced the lowest readings, witli return to normal values by 
the seventh to the tenth day. 
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THE SURGICAL TREATMENT OF CHRONIC PLEURAL EMPYEMA 

David V. Pecora, Ai.D., Ray Brook, N. Y. 


I N RECENT years tlie prognosis oj‘ chronic plcuiMl empyema has improved 1o 
a remarkable extent. Altliougli mucli of lliis improvement is attributable 1o 
the use of potent antibacterial agents, other factors undoubtedly have contril)- 
uted to these results. In attempting to evaluate some of these factors, one dis¬ 
covers that it is difficult 1,o gain an adequate penspectivc from recent reports,’’’" 
as they are generally limited in .scoi)e and occasionally controversial. As it 
seemed likely that the experience in a hospital for thoracic disease might ])ro- 
vide such information, it was decided to review the eases of chronic empyema 
treated surgically at the Ray Brook State Tuberculosis Hospital between Jan. 
1, 1950, and Oct. 1, 1957. 

■ To provide a basis for comparison, both tubei'culous and pyogenic empyemas 
were included in this study. Several sterile empyemas were also included. Pa¬ 
tients treated merely by thoracentesis or surgical draijiage were excluded. I'hus, 
there were available foi’ study 45 patients treated by 56 definitive surgical pro¬ 
cedures. Thirty-nine patients had pulmonary or pleural tuberculosis at one 
time or another. The, remaining G patients had, in addition to em])yema, the 
following diseases: J, cy.stic disca.se of the lung; 1, bronchogenic carcinoma; 
1, spontaneous pneumothorax; 2, pyogenic pneumonia; and 1, pulmonary disease 
of undetei'inined etiology. The empyemas followed thoi-acotomy in 29 in,stances; 

9 complicated therapeutic or spontaneous pneumothorax; and 10 were primary. 
When first bacteriologic studies wei’e performed at Ray Brook, 23 empyemas 
yielded tubercle bacilli, 8 yielded mixed tuberculous and pyogenic organisms, 
3] yielded pyogenic organisms, and 3 yielded purulent material steille on cul¬ 
ture. The pyogenic infections usually included staphylococci. By the lime the 
surgei’y listed in Table III was undertaken, the number of tuberculous and 
mixed tuberculous and pyogenic infections had deci-eased to 16 a)id 7, i-ospec- 
tivcly; and the number of pyogenic infections and stcille pleural spaces had 
increased to 33 and 9, rc.s]m.ctivcly. 

Bronchoplcurnl 7<T.s7iR«.— Bronchopleural fistula was present at one time or 
another in .34 of the 45 .patients. Bronchopleural fistula .seemed to have no 
effect upon the I'csults of ti'catmcnt, often healing si)ontaneously with adequate 
drainage or diaig thei'apy. JUxcept in jmlmonai’.v decoiiication where leakage | 
of air from the lung could interfere with postoperative pulmonary expansion, | 


Kroni Uio Huy Brook Stato Tuberculosis 3Josj»ital, Huy Brool;, N. Y. 
Hoooived for j)ubHcution Hoc. 23, 3 957. 
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t it seemed lo inattci little Mlictlioi oi not broiichoiileiiial fistulas iveie siituied, 
pioiidtd the plouial space i\<is oliliteiattd and adequate amounts of tissue ueio 
tivailablo to eo \01 the fistula Pulmonaij icstction meiolj to ciadieate a hioiicho 
pleuial fistula is not considciod neccssaij 

Types of Infection—1\, is intcicsting to note that of the 7 patients -nitli 
mixed tiiheiculoiis and piogenic einpjoma at the fiist haetonologie examination, 

G had alicadj been siibioctod to thoiacotomv and 1 had leceiicd a leceiit bion 
ehogram, a possible soiuco of contamination of the pleural eavitj Of the 14 
patients ivith piiio pjogcnie empxcmas at the fiist bacteiiologic examination, 11 
had heoii submitted to prenous chest surgcij These findings aie especially 
Intelesting since ive haio ohsoiied plciual spaces conimiinieatiiig Mith the bion 
dual tree foi piolonged periods mthout detecting evidence of infection'^ ItH 
would appeal, tlieicfoie, that seeondaiy pyogenic infection is ficquently latio 1 
genic, a belief which is ccitaiiih not new 1 

Fioin Table I it may be infciicd that tubeiciilous empyemas fiequently can 
be icndeied stoiilo bv diiig theiapy alone Almost all will lespond favoiably 
to ding theiapy combined witli adiquatc siugoiy On the other hand, smgeiy 
without adequate aiitituboicidous diug theiapy is not otten successful 


lABii I Dpuo RreiMEXS Eiiiiovfd With Subofev in tiif TrEATMExr of Tdberouioos v\i> 

Mixti) Emivemas 




EMP\FMAS ItLDINO CULTURES NLf ATI\E FOR 
TUBERCLE BACILLI 

EfFF0TI^E DPUO 

NUMBEROP 

BEFOPE DLFIMTI\T I 

AITFR DUINIinr 

UEOIMPNS 

1 EMnF\r\S TREATED 

SUrCEKY 1 

SURGERY 

PAS 

1 

0 

1 


INH 4 1 1 

SM, PAS 4* 2 2 

SM INH 2 11 

PAS, INH 4 2 2 

SlI PAS, INII 2 11 

ItsH, cycloserine 11 0 

PZA fi 0 4 

VIO 100 

VIO PZA 41 0 1 

yiQ evdosenne 10 1 

No drugs 4 0 I _ 

Total 34 * S li 

PAS—para aminosallcj lie acid INH—Isoninzia SAl—streptomj cin PEA—11 razfmn Ic 
VIO—vionij cln 

•One patient received these drugs onlj bj instillation into the pleiint cailtj 
tone patient had previously received I months of pjrazlnanilrle 


I The piognosis foi mixed tiiheiculoiis and pvogeme wii/uema is no loii"' 
|as pool as it was piioi to the iiitiodnction of itniitubeieulous drug them" 
The pieseiice ot seeondaiy inogenic inicction does not seem lo affect the n 
“-of tile tubeiciilous infection to aiititnheieiiloiis diag thenpy In T.iW^^^,,/, 
appiiciit siipeiioiity of the lesiilts of ticilmmt of t’lbeicolons comp’o'....„ 
mixed infections can be exphmed upon (lie bisa of ding legime/ ■' 
of suigeiv employed 



94 


PECOEA 


J. Thoracic Surg. 
July, 1958 


Table II. Results op Treatment 



j 

1 CONDITION AT LAST EXAMINATION 





1 RESULTS OF CULTURES ! 


BACTERIOLOGY OF 

NUMBER j 



TUBER- 



EMPYEMA PRIOR TO 

OF 


MIXED 

CULOUS 

PYOGENIC 


TREATMENT 

PATIENTS j 

CURED 

EMPYEMA 

EMPYEMA 

EMPYEMA 

DEAD 

Tuberculous 

23 

19 


1 

1 

2* 

Pj'ogeuie 

11 

11 





Mixed 

S 

4 

1 


1 

2'’ 

yegative culture 

o 

O 

3 





Total 

45 

37 




4 


*Only one patient died of causes directly related to tuberculosis. 


Chronic pyogenic empyemas in our experience have rarely been rendered 
pernianentlj’ sterile by drugs as long as a pleural space existed. This may 
have been due to the early appearance of drug-resistant organisms. On the 
other hand, these empyemas have been cured easily by surgeiy with little or 
no antibacterial therapy, provided the surgery obliterated the pleural space. 

Antituherculoiis Dnig T/ierapi/.—Antituberculous drug therapy is reviewed 
in Table I. Effective drugs are defined as drugs to which tubercle bacilli are 
susceptible. Organisms are considered susceptible if they do not grow in the 
pi’esenee of drug in vitro or if the patient has not received the drug previously. 
Concentrations of drug employed are,l£mcg. of streptomycin, 10 meg , of para- 
aminosalicylic acid, and . 5 ni cg. of isoiuazid. Sensitivities to pyrazinamide, vio- 
niycin, and cycloserine are not perfonned I’outinely. Although there are too 
few cases to provide statistical information regarding the various regimens, it is 
evident that it was possible to render the empyemas noninfectious with drugs 
alone in many instances. One is impressed by the fact that, in these instances, 
isoniazid was almost always one of the di’ugs employed. This seems to support 
some of the recently published opinions regarding the superiority of isoniazid 
in combination with other drugs.*’ 

Complications and MortaJity.~S,evious postoperative complications consisted 
nf massive intrauleural_hemorrliage and. contr&lateraJ-^ p n n t an efllis pneumo- 
jRorax bothlnthe same patient. This patient later died of progressive pul- 
m^r^ tuberculosis and mLxed tuberculous and pyogenic empyema. 
tional patient di ed otsn nilar causes. It is believed that these fataTities are 
attributable to the use of a poor drug regimen in one instance (viomycin), and 
early cessation of effective drug therapy in another instance (patient left the 
hospital 2 weeks postoperatively). One patient died of coiLpnlpionale before 
her mixed empyema could be cured. Another patient with tuberculous empyema 
died foUowing* abdominal surgeiy for ulcerative colitis. The immediate cause 
of death u’as hemorrhage from a g astric ulce r. 

Surgical Considerations .—Surgeiy was performed in_56_ instances. The 
various t^yies of surgery are listed in Table III- Standard thoracoplasty con¬ 
sisted of subperiosteal removal of the ribs over the empyema space. Poly¬ 
ethylene beads were inserted subcostaUy in the plonibage thoracoplasties. The 
modified S ehede procedures were generally _ similar—tQ_J]ie tj^ie described by 
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Grow^ Pulmonary dec ortication Avas neriormcd botli with and without re- 
mb val of tlie parietal pl eura. Occa sionally, pulmonary resection was employed 
ill combinati on mtli some other nr oe^urc. Tw o successive nroeeduTf-s yrpv o 
per formed on 8 patients, and 3, on 3 patients. 


To be successful, definitive surgery should obliterate the pleural space. A 
^nersistent plmiral-.sp aeO y-. avmn ..i f - pnleri l ial invitation to infectio n.^ 
^Standard and plombage thoracoplasty ai’e of limited value, and are useful only 
Avhen the walls of the empyema are not very rigid. Plombage thoracoplasty 
is occasionally complicated by infection in the subcostal space. On the other 
hand, the Grow modifeati on of the S chede procedure can be used with litt le 
fear of deformity and'^ith excellent results; being confined to the diseased 
area , itJsjwell inlpTatcd hy the poor-risk pa tient, ft can be performed in st ages, 
or reneat ed. sho uld the first procedure fail to achieve the expecte d result. It 
is important to remove foreign bodies such as surgical silk or calcium deposits, as 
these may be a source of ehronicity. A simple method of removing calcium 
is curettage. The wound may be sutured almost completely at the time of 
surgery. Adequate drainage should be maintained with a soft rubber tube 
rxntil the empyema space has obliterated itself from the depths outward. A 
pressure dressing for several weeks will foster eaidy obliteration of the space. 

Decortication has nro ve^ mnst ■iian.f.nl in e\-T->fl nding lungs which cont ain 
l ittle disea se a nd where the emnyemas have been of relatively short durati on 
or small siz e. A m^reeiable nulmonarv fibrosis is a. well-known cause of poof 
nosto nerative re-expansio n. Loiag-standing empyema may involve the under- 
Ij'-mgTnng so as to produce a similar effect and, if the empyema involves a large 
proportion of the lung surface, postoperative re-expansion of the lung may be 
poor. On the other hand, if the empyema involves only a small portion of the 
lung surface, the remaining lung will often expand appreciably if it is com¬ 
pletely freed, including the fissures. A poorly expansile lung may be useful 
as a space filler (Fig. 1). For this reason resection of such a lung is rarely per¬ 
formed with decortication, except for indications applicable in the absence of 
empyema. Although narieta l decortication would seem generally desira ble, it 
does not annear"necessar: rto~^ect a c ure of empyema. Parietal pleura m ay be 
allo wed to remain if one^^hes toliummize blood loss . Occasionally in these 
instances pleural symphysis may be delayed, but this does not seem serious. 
fPulmonary expansion following decortication appears to have no ill effects 
upon pulmonary tuberculosis, provided adequate antituberculous therapy is 
administered. 


It has been found useful to employ a number of technical aids when per¬ 
forming decortication. As in other types of pulmonary surgery, the Bovie 
coagulation unit is an excellent hemostatic agent. A 2-inch dental type mirror 
often exposes to vision the most remote recesses of the pleural cavity. A curved 
pair of scissors (Pig. 3) can be used to cut “around corners,” with or Avithout 
the aid of the mirror. In a number of instances, 2 or CAmn 3 separate inter¬ 
costal incisions at different levels have proAuded excellent exposure to othei’Avise 
inaccessible portions of the pleural cavity. 



Fie- 1. — Successful decortication ror mjxcd tuberculosis 
use of a poorly expansile June as a space-fliier. Abo»V ilJi" PJfeenfc emp 3 -emn 
wity had Increased by S per cent of the Preope™??"'®7® '’g=‘<'Poritive,y 
Postoperative roentgenogram. 'a/ue._ A, Preoperat/ve^'"’^ ^ 


“•PC a poony expansile iu**b . ••• 

^city had Increased by 8 per cent of the PreopemtiJe* • 
Postoperative roentgenogram. i'^uiine \alue. 






IS modi- 

Fig 2—Successful obliteiation of a ^ndicatinT’feron&iopleural fistula 
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Table IV. Effect of Decortication- Upon Vital Capacity 


PATIKNT 

EXTENT OF 
DECOnTICATION 

1 VITAL CAPACITV 

PRE¬ 

OPERATIVE 

(C.C.) 

POST- 1 

OPEPvATIVE 1 
(C.C.) 

POST¬ 
OPERATIVE 
INTERVAL IN 
DAYS i 

PER CENT 
POST¬ 
OPERATIVE 
CHANGE 

L. B. 

A'lsceral + parietal 

2,000 

1,000 to 2,550 

6 to 360 

-50 to +28 

a M. 

Mseenil + parietal 

2,S00 

2,900 

23 

+20 

I. B. 

Viscera! + parietal 

1,200 

1,100 to 1,300 

30 to 690 

-8 to +8 

G. G. 

Visceral + parietal 

2,200 

2,200 to 2,200 

22 to 444 

0 

M. M. 

Visceral 

1,500 

1,450 to 1,800 

20 to 131 

-3 to +20 

L. G. 

Visceral 

1,900 

2,000 to 2,800 

■tl to 447 

+5 to +48 

L. S. 

Visceral 

2,300 

2,600 to 3,000 

15 to 56 

+13 to +30 

F. B. 

Vi*=!ceral + lobectomy 

1,400 

1,100 to 1,400 

74 to 362 

-21 to 0 

C. W. 

Viscera! **■ lobectomy 

3.100 

2,400 to 2.000 

27 to 43 

-33 to -16 


Fnnctmi .-—The effect of pulmonary decortication upon vital capaeitj- is 
shown in Tabic IV. From this data, functional superiority cannot be claimed for 
visceral and parietal decortication. As indicated by Patton and associates,® the 
amount of functional gain after decortication is related to the relative increase 
in expansion of the lung operated upon. The early postoperative vital capacity 
represents the differenoo between the depression of ventilation caused by the 
“thoracotomy effect”*'’ *' and the improvement in ventilation due to pulmonarj- 
re-expansion. In this group of patients, decortication alone was accompanied by 
a permanent increase in vital capacity in all but one instance. Furthermore, 
improvement in vital capacity occurred in 2 patients despite duration of pul¬ 
monary collapse of 22 years and 14 years, respectively. 



rie. a. 

Table V represents the effect on vital capacity of the various types of 
thoracoplasty employed to obliterate pleural spaces. It has been sliown that 
thoracotomy produces a much more profound early depression of vital ca¬ 
pacity.*® Indeed, thoracoplasty performed to obliterate a rigid pleural .space 
seems to have little effect upon vital capacity. There appears to be no correla¬ 
tion between changes in vital capacity and the number of ribs involved in the 
thoracoplasty procedures. This is to be expected since these procedures usually 
did not alter the rigidity of the visceral pleura, and they rarely collapsed func¬ 
tioning pulmonary tissue. 

There appears to be little evidence to indicate that distention of pulmonam- 
tissue of a degree encountered following decortication can cause emphysema'. 
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Timed vital capacity following decortication^® shows no early change. It has 
been interesting to discover well-developed bullous emphysema in several lungs 
which we have decorticated after tliey had been collapsed for many years. This 
would seem to indicate that, at least in these instances, intrapulmonary factors 
were more important than distention and that collapse did not prevent these 
factors from causing emphysema. 


Table V. Effect of Thoracoplastv Upon Vital Capacity 


PATIENT 

ntOCF.UURE 
(number of ribs) 

1 VITAL CAPACITY 

PRE- 

OPERATIVE 

(C.C.) 

POST¬ 
OPERATIVE 
(C.C.) j 

POST- 

OPERATn^E 

INTERVAL IN 

PAYS 

1 PER CENT 
POST¬ 
OPERATIVE 

CHANGE 

J. w. 

Plombage (6) 

2,700 


2,110 to 2,200 

1 to 54 

-22 to -18 

W. K. 

Plombage (4) 

1,600 


1,400 to 1,600 

15 to 240 

-12 to 0 

M. M. 

Plombage (5) 

1,400 


1,.300 to 1,400 

3 to 143 

-7 to 0 

C. G. 

Mod. Scliede (9) 

2,100 


2 000 

30 

-5 

W. K. 

Mod. Sehede (2) 

1,550 


1,500 

36 

-3 

O.B. 

Mod. Scliede (2) 

3,100 


3,200 to 3,000 

48 to 198 

+3 to -3 

E. C. 

Standard (5) 

1,650 


I,.550 to 1,700 

4 to 28 

-6 to +3 

J. G. 

Standard (5) 

1,750 


1 600 to 1,650 

9 to 66 

-8 to -6 

F. T. 

Standard (9) 

1,100 


1,000 to 1,400 

29 to 215 

-9 to +27 

A. S. 

Standard (2) 

2,800 

2,800 to 2,800 

26 to 45 

0 

D. 0. 

Standard (3) 

2,100 

1,900 to 1,800 

17 to 57 

-9 to -14 

C.M. 

Standard (6) 

2,400 

2,000 to 2,100 

7-to 31 

-17 to -12 

E. K. 

Standard (10) 

950 


900 to 1,000 

4 to 52 

-5 to +5 

I. E. 

Standard (6) 

950 

1,000 to 1 000 

15 to 304 

+5 


DISCUSSION 

Recent publications appear to have overemphasized the value of decorti¬ 
cation in the treatment of clironic pleural empyema. Undoubtedly there_arg 
man y adyantages in the use of decorti cation, especiall @mprovement of fu nc- 
tion and^voidance of deformityTlI^ever, there are many instances in which 
rcarefulFT^per formed thoracoplasty will accomplish the same functio nal and 
c yirative results as dec ortication. Pprhans the ,n>o st important, differ ence, be- 
ti yeen decortication and tho mcoplasty 1 ms in the earl^ postoperative ventil atory 
changes, which mav be'^verel y depres^after tlTe for mer and is usually o nly 
slig hUA--altered after the.j Attei~ Considerations such as these may influence a 
surgeon to prefer thoracoplasty to decortication in pooi-risk patients. 

Drua; therapy is i^Ti ^n^htedlv responsible for the e.\cellent results of sur gery 
for chl^c tuberculoT^mpyema. Surge^yi^relatively ineffective without 
such therapy. On the other hand, drug therapy may render tuberculous em¬ 
pyemas noninfectious; but, in many instances, sui’gerj must be combined with 
drug therapy to effect a cure. 

Tlie treatment of chronic pyogenic empyema seems to be dependent moie 
upon surgeiy than antibacterial agents. With little or no drug therapj, surgery 
can effect a cure in almost every instance. On the other hand, drugs in the i 
px’esence of a pei'sistent pleural space ai’e rarelj’^ curative probably because of 
the rapid appearance of drug-resistant oi’ganisms. 
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SUMAUR\ 

A leMGu of almost 7 \ears’ evpeiience ■with chrome emp\ema leveals that 
witli piopei tieatineiit tlie piogiiosig is e\cellent legaidless of tlie t>pe of mfec 
tion Pulmonal^ decortication and the -vaiioiis tj-pcs of thoiaeoplasti aie all 
useful piocedures The indicalions foi these piocedurcs aic bucflj discussed 
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STRANGULATED DIAPHRAGMATIC HERNIA 


Edward F. Skinner, M.D., Duane Carr, M.D., Janies T. Duncan, M.D., 
and John R. Hall, AID., Alemphis, Tenn. 

D iaphragmatic liernias are often considered relatively benign lesions which 
can be watched with impunity. However, complications do occur in a 
number of these patients and these can be very serious or even fatal. We, 
therefore, suggest that a more aggressive attitude be taken in treating this type 
of hernia. We are reporting here a survey, covering the 10-year period from 
Jan. 1, 1947, to Jan. 1, 1957, of all cases of strangulated diaphragmatic hernias 
at the John Gaston Hospital and the Baptist Memorial Hospital, Memphis, 
Tenn. One or 2 cases were excluded in which the diagnosis was not definitely 
established. Each hospital had approximately a 500 bed census during the 
]0'year period. 

For the purpose of our paper we are considering a strangulated diaphrag¬ 
matic hernia as one in which the hernial ring is constricting the herniated 
organ so as to compromise or cut off the blood supply, either venous or arterial, 
of the herniated organ or organs. By incarceration of a diaphragmatic hernia 
we mean that the herniated organs are so bound by adhesions that the hernia 
is irreducible by medical methods and that surgery is necessary for the reduc¬ 
tion of such a hernia. 

CASE REPORTS 

Case 1.*—J. W., a wliitc woman aged 74, was admitted Oct. 19, 3948, to the Baptist 
Memorial Hospital witli a diagnosis of incarcerated diaphragmatic hernia. Hrom her 
history it was evident that she liad been Iniowii to have a hernia for 20 years as proved 
by numerous serial films. It was believed that the stomach and colon were in the left chest. 
For 20 years she had “eaten like a bird.” 

She had had symptoms of obstruction on numerous occasions, whicli would usually 
subside in a few hours after vomiting. Two days before her admission hero she began to 
have left epigastric pain witli some vomiting and sho noticed she passed relatively little 
gas by rectum. She also noted the pain sometimes radiated to the left slioulder. On ad¬ 
mission she was afebrile and her blood pressure was 120/80 mm. Hg. Slie was an elderly 
white woman appearing acutely ill, vomiting intermittently. TI»c heart was normal. The 
right chest was clear. On the left, breath sounds were absent. The abdomen revealed some 
tenderness in the left upper quadrant, but no rigidity. A small amount of barium was 
given by mouth and it was demonstrated that only a small portion of the cardiac end of 

From the Hopartmont of Surgery, University of Tennessee College of Medicine, and 
Baptist Memorial Hospital, Memphis, Tenn. 

Received for publication Jan. C. 1958. 

•This case was abstracted briefly by Dr. Duane Carr.= 
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the stomach ■v^as in the abdomen Some of the barium could bo passed into the supradia 
phragmatic portion of tlio stomach b 3 laying tho patient in the prone position with the 
head doum None of the barium could bo encouraged to proceed into tho duodenum Tlie 
xrny films also showed a portion of the colon in the left hcmithorax 

Despite the fact that tho patient *8 age and general condition created a greater than 
average risk, a left diaphragmatic herniorrhaphy was performed on Oct 20, 3948, after 
proper preparation 

At operation, the stomach, colon, and a portiou of the omentum wore found liemiated 
into the left hemithorax through a diaphragmatic opening which was approximately 8 cm in 
diameter Tlic edge of the ring was markedly thickened and fibrotic Tlie posterior part of 
the diaphragm was very much attenuated and contained no muscle libers The thoracic portion 
of the stomach was hugely dilated and the loop of tTans\crsc colon which was also present 
in the thorax was adherent to tho surface of the stomacli In tho course of the operation 
a moderate amount of clear vcllow peritoneal fluid was aspirated The diaphragmatic 
hernial orifice was lateral to tho esophageal hiatus and gave every appearance of being 
a congenital henna TIio stomach and colon were slightly dusly at first but the colon soon 
impro\cd when tho hernial ring was opened Tlic hernial sac was closed with interrupted 
sutures of No 2 0 cotton The weakened area postcnorlj in the diaphragm was reinforced 
bv imbricating the diaphragm upon itself The excess portion of the hernial sac was excised 
Tlie thoracic wound was closed m labors using interrupted cotton sutures throughout The 
patient receded 2,500 cc of whole blood during and immcdiatolj after the operation and 
was returned to her room in good condition 

Tho patient tolerated the operation exceedingly well, her pulse rate at no tirao rising 
above 90 Tho blood pressure roniainod stable at about 126/60 mm Hg On Oct 23, 1948, 
a left thoracentesis ^aelded 450 c c of tlim bloody fluid T)io patient liad some mild abdominal 
distention and was slightly duskj at times and irrational We later discoiorod that part 
of her disorientation was apparently duo to small doses of Nembutal which were also causing 
insomnia The symptoms subsided when tho barbiturates were discontinued She was 
discharged from tho hospital on No\ 19, 1948, one month after admission 

For the first time in oier 20 years she could cat comfortably without regurgitation, and 
therefore for the first time in 20 years she was able to have meals with her friends instead 
of m tho privacy of her own room She has since gamed 35 pounds in weight Later studies 
showed the entire stomach beneath the diaphragm and m normal position The patient 
has continued leading a normal life It is now 9 years since her surgery and her present 
age IS 83 

Case 2 —I L B, a white woman, age 69 We first saw this patient Nov 15, 1948 
Her chief complaint was difficulty in swallowing, with pain jn the lower chest while eating 
For ‘ieieral years the patient had known she could not eat normally She had to take her 
time in swallowing For the 2 years preceding admission, she had noted sC'cre pain in tho 
lower mediastinal region, and the chest folt full after eating She noted she had to belch 
during meals and also had some cough productive of heavy mucoid sputum after eating 
She had noted some dyspnea with fatigue for several years, gradually becoming worse 
although there had been no weight loss She had an incidental rectal stricture which had 
to be dilated periodically 

In tho past she had had typhoid fever at the age of 16, an ulcer rcmoied from the 
colon in 1931, a hemorrhoidectomy many years before, and a hysterectomy in 1932 A right 
nephrectomy had been performed in 3935 A tonsillectomy and antrotomy had also been 
performed years previously 

The physical examination was negative Tho blood work was normal although tho 
blood sedimentation rate was increased to 35 mm in 1 hour, corrected for coll volume 

A chest film on Nov 10, 3948, showed a normal lung, heart, and mediastinum~*with 
some calcification in the arch of the aorta Behind the heart sJiadow 
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cavity witli walls about 1 cm. thick, and a fluid level in this space just above the diaphragm. 
Tlie lateral film revealed the cystic cavity to be the stomach, or a portion of it, above -the 
diaphragm in the posterior mediastinum. 

Esophagograms on Nov. 15, 1948, showed the esophagus to be long and redundant, and 
the major portion of the stomach to be inverted in the lower mediastinum. A diagnosis of 
esophageal hiatal hernia was made, probably congenital. Because of her age, the loss of 
one kidney, and her extreme aversion to surgery, we felt an operation could be deferred 
until such time as she either had obstruction or began to lose weight. She did fairly well 
under medical management until April 8, 1950, when she was admitted to the hospital 
vomiting periodically, with some of the vomitus being black at times. She again refused 
major surgery. 



Fig. 1. Fig. 2. 

Pig-. 1. —Case 2, I. L. B. Oct. 20, 1948. A barium swallow demonstrates most of the 
stomach in the left pleural space with considerable pleural reaction on (hat side also. 

Fig. 2.—Case 2, I. L. B. Nov. 11, 1948. Left laterai chest film. There is a large 
space behind the heart with an air-fluid level characteristic of a hiatal hernia. The diag¬ 
nosis can often be made from the lateral film alone. 

A new chest film showed pneumonitis in the left mid-lung field. The electrocardiogram 
showed some left axis deviation. Because of the pneumonitis, surgical repair of the hernia 
was not insisted upon at the time. Instead, on April 17, 1950, a left phrenic crushing was 
performed resulting in a good paralysis of the diaphragm. Following that she had some 
improvement in her ability to swallow but she still had difBculty with foods that contained 
any coarse vegetable fibers. She was urged to grind all her meat and was instructed to 
take a teaspoon of Alcaroid after each meal containing meat. 

She was next admitted to the King's Daughters’ Hospital in (Jreenville, Miss., Got. 
24, 1950, with what was at first thought to be a heart attack. She was in shock at tlie 
time of admission. However, an electrocardiogram was normal except for some left axis 
deviation. She gave a history of having lost considerable weight in the preceding few 
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montlifl, filthough her usual sjouptoms from the hiatal hernia had been markedlj relie\cd 
bj the phrenic crushing. She uas treated medicalU and gradually recovered 

In 1951; the left diaphragm rc*»umed motion and her symptoms increased On Mav 
12, 1051, a left permanent phrenic none interruption nas iierfornied. In December, 1951, 
she had another attack of retained gastric contents and is treated b> Wangensteen «!Uctioii 
and intravenous fluids and made a recovery Fluoroscopic CKamination at that time showed 
most of the left diaphragm still paralyzed but there was a suggestion that a few fibers of 
the nerve were still carrying slight impulses to portions of the diaphragm 

On April 27, 1953, barium studies revealed a large liiatal hernia with at least two 
thirds of the stomach in tlio chest The stomach was markedly dilated with kinking at the 
diapliragmatic hiatus, it was about half full of fluid The patient was clinicall> better at 
this time, however, than fonnerlj, although she stiU hid occasioal dvspnea and intermittent 
strangulation of the stomach 



i 
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Pig- 3 Fie * 

Fiff 3—Ca‘«e 2, I L B ^nril S 1950 Tin. large hiatal hernia shadow merges 
with the heart shadow and an alr-fluld level is seen In the left mid chest area which is rcallv 
in tiie stomach In addition there is an aspiration pneumonitis In the left lung- Thl«» tMie 
of aspiration pneumonitis is common with hiatal herni i and is a very good reason foi re* 
pairing these liernlas before repeated pneumonitis produces permanent pulmonarj crippling 
Fig 1— Case 2, I L B April 7, J95i Postoperative film with the stomach now in the 
abdomen The left diapluagm Is slightlj elevated as a phienic crush was done at the time 
o' surgery to take stress otf the suture line There is some residual pulmonary fibrosis in 
the left lung partlcularl> from the repeated ntt icks of aspirition pneumonitis The patient 
was clinicallv well at this time 



In Januarj', 1054, slio lud a ^'vinw infiction” in tlic lungs with considoraldo cough 
and jellowisli sputum occasionally streaked with blood She* was placed on a passive broncliial 
drainage routine, and received antiluotics, with improvement. 

On Jan 12, 3954, slie was re admitted to the Baptist Memorial Hospital with presumabh 
another moderate small meat impaction which responded to medical therapv, including 
frequent sips of \Icaroid in water, and antispasraodics The patient wore dentures and 
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cavity witli walls about 1 cm. thick, and a fluid level in this space just above tlio diaphragm. 
The lateral film revealed the cystic cavity to be the stomach, or a portion of it, above the 
diaphragm in the posterior mediastinum. 

Esophagogranis on Nov. 15, 1948, showed the esophagus to be long and redundant, and 
the major portion of the stomach to be inverted in the lower mediastinum. A diagnosis of 
esophageal hiatal hernia was made, probably congenital. Because of her age, the loss of 
one kidney, and her extreme aversion to surgery, we felt an operation could be deferred 
until such time as she either had obstruction or began to lose weight. She did fairly well 
under medical management until April 8, 1950, when she was admitted to the hospital 
vomiting periodically, with some of the vomitus being black at times. She again refused 
major surgery. 



Fig. 1. p'?. 2 

Pig-. 1 .—Case 2, I. L. B. Oct. 20, 1948 A barium swallow demonstrates most of the 
stomach In the left pleural space with considerable pleural reaction on (hat side also. 

Fig. 2.—Case 2, I. L. B Nov. 11, 1948. Left lateral chest nim. There is a large 
space beliind the heart with an air-fluid level characteristic of a hiatal hernia. The diag¬ 
nosis can often be made from the lateral film alone. 

A new chest film showed pneumonitis in the left mid-lung field. The electrocardiogram 
sliowed some left axis deviation. Because of the pneumonitis, surgical repair of the hernia 
was not insisted upon at the time. Instead, on April 17, 1950, a left phrenic crushing was 
performed resulting in a good paralysis of the diaphragm. Hollowing that she had some 
improvement in her ability to swallow but she still had difficulty wuth foods that contained 
any coarse vegetable fibers. She was urged to grind all her meat and was instructed to 
take a teaspoon of Alcaroid after eacli meal containing meat. 

She was next admitted to the King's Daughters’ Hospital in Greenville, Miss., Oct. 
24, 1950, with what yvas at first thought to be a heart attack. She was in shock at the 
time of admission. However, an electrocardiogram was rrormal except for some left axis 
deviation. She gave a liistory of having lost considerable weight in the preceding few 
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months, although her usual symptoms from the hiatal hernia had been markedly relieved 
by the phrenic crushing. Slie N\as treated medically and gradually recoTcred. 

In 3951, the left djaphragm resumed motion and lier symptoms increased. On May 
12, 1951, a left permanent phrenic nerve interruption '\\as performed. In December, 1951, 
she had another attack of retained gastric contents and uas treated by IVangonstccn .suction 
and intravenous fluids and made a recovery. Fluoroscopic examination at that time showed 
most of tlie loft diaphragm still paralyzed but there uas a suggestion that a few fibers of 
the nerve were still carrying slight impulses to portions of the diaphragm. 

On April 27, 1953, barium studies revealed a large hiatal hernia with at lea«t two 
thirds of tlio stomach in the chest. The stomach was markedly dilated with kinking at the 
diaphragmatic hiatus; it was about half full of fluid. The patient was clinically better at 
this time, however, than formerly, although she still had oceasioal dyspnea and intermittent 
strangulation of the storaacli. 



Klg 3. FiS. 4. 

I*. 2—Case 2, I, B April 8, 1950, The large hiatal hemla shadow merges 

witii the heart shadow and an air*flvmt level is seen in the lett mtd-cheat area which is rcalK 
in the stomach In addition, there Is an aspiiatlon pneumonitis In the left lung. This tijtc 
of aspiration pneumonitis is common with hiatal hernia and Is a very good reason foi ro- 
pairlng these hernias before repeated pneumonitis produces permanent pulmonary crippling. 

Fig. 4 —. Case 2, I. L B, April 7, 1954. PoatoperatI\e film with the stomach now in the 
abdomen. The left diaphragm Is slightly ele\.iite<l as a phrenic cnisii was done at the time 
pf surgen' to take stress off tiie suture Imc. There is some residual pulmonary fibrosis in 
the left lung particularly from the repeated attacks of aspiration pneumonitis. The patient 
was clinically well at this time 


lu Januarj', 3954, she liad a *^\irus infection** In the lungs with considerable cough 
and ^ellow’ish sputum occasionally streaked with blood, fjho was placed on a passive bronchial 
drainage routine, and received antibiotic*, with improvement. 

On Jan. 32, 3954, she was re admitted to the Baptist Memorial Hospital with presumablv 
another moderate small meat impaction which responded to medical therapy, including 
frequent sips of Alcaroid in water, and antispasmodics. The patient wore dentures and 
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was unable to chew her meat completely. 'Whenever she ate meat which was not ground, she 
had spells of impaction or strangulation. On Feb. 7, 1954, she was re-admitted to the 
Baptist Memorial Hospital with a partially strangulated hiatal hernia. Her clinical condition 
did not improve and on Feb. 15, 1954, the diaphragmatic hernia was repaired. 

At operation a large sliding hiatal hernia was present with part of the stomach and 
some omentum in the chest. The phrenic nerve was crushed just above the diaphragm. 
There were rather dense adhesions present between these organs and the hernial sac itself. 
These were dissected free and the abdominal contents replaced in the abdomen. Most of the 
sac was excised and part of the sac was used to reinforce the repair behind the esophagus. 
The diaphragm was slit anteriorly 3 cm. from the esophagus to slide the esophagus forward 
into a higher position on the diaphragm. The diaphragm was closed behind the esophagus 
using interrupted sutures of No. 2-0 cotton. The esophageal external wall musculature was 
then stitched to the diaphragm with interrupted sutures of the same material. Penicillin, 
500,000 units, and 1 Gm. of streptomycin were placed in the pleural space and two inter¬ 
costal tubes were inserted; one in the eiglith interspace in the posterior axillary line and 
the other in the fifth interspace in the anterior axillary line and later connected to a water 
trap bottle. The incision was closed in laj'Crs. Tlie postoperative condition was good and 
her convalescence was uneventful. 

On Aug. 10, 1956, she was hospitalized in the Baptist Memorial Hospital under the 
care of Dr. Henry Eudner, Sr., with an acute coronary thrombosis from which she slowly 
recovered. A chest film showed the stomach still in the abdomen beneath the diaphragm. In 
June, 1957, she reported feeling fine and eating a regular diet without difficulty. 

Case 3.—E. B., a Negro man aged 30, was first admitted to the John Gaston Hospital 
on Oct. 2, 1943, for presumed intestinal obstruction. At that time, x-ray studies showed 
a density in the left lower lung field which was located anterolaterally. Barium studies of 
the upper gastrointestinal tract were normal. A barium enema was not done. He became 
asymptomatic and was discharged on Oct. 22, 1943. 

He was next admitted to the John Gaston Hospital on May 16, 1945, 150111 a history of 
lower abdominal pain, vomiting, and obstipation of 24 hours’ duration, despite administra¬ 
tion of oral Epsom salts. The physical examination was negative except for lower abdominal 
tenderness. Laboratory studies were within the normal range. An exploratory operation 
was performed on May 15, 1945, through a right paramedian incision with the preoperative 
diagnosis of small bowel obstruction. At operation a 4 cm. defect was found in the left 
leaf of the diaphragm, through which the entire greater omentum, transverse colon, and 
strangulated loops of small intestine had herniated, without a sac. The diaphragmatic 
opening was enlarged and the hernia reduced. The diaphragm was closed with interrupted 
silk sutures and the abdominal wound closed in layers. 

The patient ran a febrile course and died on May 23, 1945, on the seventh postoperative 
day. An autopsy revealed massive atelectasis of both lungs. 

Case 4._ J. P., a 28-year-old Negro man, was admitted in shock to the Jolm Gaston 

Hospital on Aug. 3, 1955, with multiple knife lacerations of the chest wall, right arm, and 
abdominal wall. Numerous x-ray studies of both chest and abdomen were negative. He 
55’as discharged on Aug. 6, 1956. 

He was re-admitted on Jan. 10, 1956, with a history of abdominal pain of 6 hours’ 
duration. This was accompanied by nausea and vomiting. Physical examination and labora¬ 
tory studies were ivithin normal limits. The only significant finding was patchy consolida¬ 
tion in the left base shown in chest films on admission. Subsequent x-ray studies revealed 
intestinal obstruction and probably a left diaphragmatic hernia. 

At operation on Jan. 15, 1956, through a thoracoabdominal incision, utilizing the left 
sixth intercostal space, the greater omentum was found incarcerated through an opening in 
the parietal pleura at the eighth left intercostal space in the anterior axillary line. This 
was due to a diaphragmatic hernia anteriorly at the periphery of the diaphragm. The hernial 
opening measured 4 cm. in diameter and through it protruded the splenic flexure, the left 
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half of the traiis\erse colon (>vluch was partinllj strangulated), and the greater omentum 
Tlie hernia was reduced bj incising tlic greater omentum, making it possible to replace the 
colon 111 the abdominal caMti The diaphragm was closed uitli interrupted silk sutures and 
the incision closed m layers Postopcratnclj the patient became markedly distended to the 
point that it was necessary to perform a laparotomy Jan 17, 1^56, and cecostomj for 
decompression Following this procedure he made an uneventful postoper itiie recovery and 
was discharged on Feb 4, 1956 He v\as last seen m the outpatient department on March 
8, 1950, at which timo lie was asymptomatic 

Case 5 —J G, a 52 y ear old Negro man, began to hai e sci ere abdominal pam approvi 
mately IS hours prior to liis admission to the John Gaston Hospital on March 10, 1947 TJie 
pain, wluch began in the right lower quadrant, soon became localized in the left upper 
quadrant There was \omiting numerous times following the onset of the pain There was 
no history of previous trauma cither to the abdomen or chest Physical examination revealed 
a temperature of 98 2“ F, respiratorv rate of 28, and a blood pressure of 60/50 mm Ilg 
He was obviously in profound shock, apprehensive, and perspiring profusely Significant 
findings were a tachycardia, abdominal tcndcine<5s mostly in the left upper quadrant, and a 
few audible peristaltic sound*! Laboratory studies showed a rod cell count of 5,040,000 and 
a white cell count of 14,600 with a shift to the left The urinalysis was not remarkable 
except for a proteinuria of 2 plus, the blood NPN was 56 mg per cent on admission 

On X rav studies of the cliest, the diaphragm on the left could not be identified Tlie 
colon was not displaced Films made after the passage of a nasogastric tube indicated 
rotation of the stomach upward into the left hemithorax The intestinal pattern suggested 
that a portion of Buiall intcstuio was prc<!uit m the left chest A diagnosis of strangulated 
left diaphragmatic hernia was made 

Tlie patient was operated upon on March 10, 1047, tlirough a left thoracoabdominal 
incision through the eighth intercostal space jNinety centimeters of gangrenous small 
intestine were removed from the left chest and resected, and an end to end anastomosis per 
formed The diaphragmatic opening in the central portion of the left leaf was closed with 
interrupted sutures The incision was closed m layers witli closed intercostal tube drainage 
employed in the left hemithorax 

Postopciatively the patient had a very stormy course with high fever On the seventh 
postoperative day he eviscerated Ihc evisceration was reduced and closure accomplished 
with through ind through sutures, but he dud cm March 18, 1047, shortly after tie proce 
dure An autopsy was not iiemutlcd 

Casi 0—F 0, a SI year old male Mc'xioan was admitted to the John Gaston Hospital 
Oct 7, 3947, With a history of epigastric pain, iiausei, and vomiting of 3 days’ duiation 
The only significant plivsical finding was left upper quadi uit and epigastric tenderness 

Laboratory studies showed a leukocytosis with a «hift to the left X ray studies of 
the chest showed the left di iphragin itic outline to be mdistinct and an air fluid level present 
in the lower left base A film of the abdonion revelled marked dilatation of the transverse 
colon 

With a diagnosis of strangulated or incarcer ited loft diapliragraatic hernia, an explora 
torv operation was made on Oct 8, 3047, through a left rectus incision which w is extended 
into a thor icoabdominal incision through the ciglitli left intercostal space Through a 2 5 
cm opening posterolaterally in the diapl ragm, 25 cm of transverse colon had herniated and 
hid become strangulated TJie hernia was reduced and the diaphragmatic opening closed 
with interrupted cotton sutures Tlie incision was clo«el in livers His postoperative course 
w IS uneventful and ho was discliirged ^ov 3, 1947 

Case 7—^\\ D, a 50 year old Tvegro roan, was first admitted to the John Gaston Hos 
pital Aug II, 1040, with a pistol bullet wound of the left chest He ran a febrile course 
until intercostal drainage was established, with evacuation of i left em]iytma cavity Follow 
mg tl IS procedure his recovery w is rapid and uneventful 
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He was next admitted on Jan. 15, 1955, with a Jiistory of pain in tlie chest, vomiting, 
and constipation of 4 days’ duration. On physical examination there was limited chest 
expansion bilaterally. There was a palpable friction rub over the left lateral chest wall, 
and breath sounds were absent over this area. The abdomen was markedly distended, 
tympanitic, and silent. Laboratory studies revealed a hemoconcentration, leukocytosis, and 
an elevated blood NPN (140 mg. per cent). A chest roentgenogram showed a small intestinal 
obstruction, and an elevation of the left leaf of the diaphragm with atelectasis at the left 
base. 

An exploratory operation was performed on Jan. 16, 1955, through a left thoraco¬ 
abdominal incision, on a preoperative diagnosis of strangulated diaphragmatic hernia. At 
operation, 20 cm. proximal to the ileocecal valve, a 25 cm. segment of terminal ileum was 
found to be strangulated through a 4 or 5 cm. opening slightly posterior to the dome of the 
diaphragm. This segment, which was necrotic and liquefied, was resected and an end-to-end 
anastomosis of the terminal ileum performed. During the procedure the patient had a 
cardiac arrest which responded to cardiac massage and the procedure was quickly terminated. 
Postoperatively the patient did not Ijreatlie spontaneously. He died 40 hours following 
completion of the procedure on Jan. 18, 1955. Autopsy was obtained and confirmed the 
above findings. 

Case 8.—R. S., a 34-year-old Negro man, was first admitted to the John Gaston Hos¬ 
pital, Nov. 4, 1945, with a stab wound of the left anterolateral chest wall in the sixth inter¬ 
costal space. He was observed for possible cardiac stab wound and treated with bed rest 
until his discharge Nov. 23, 1945. Numerous x-ray and fluoroscopic examinations were 
reported to be negative. 

He was re-admitted to the hospital on Oct. 30, 1951, with an unobtainable blood pres¬ 
sure and a feeble pulse with a rate of 100. He had begun to vomit approximately 36 
hours prior to admission and stated that his vomitus was coffee-ground in color. Other 
findings were absence of breath sounds over the left lower chest and a soft abdomen. Labora¬ 
tory studies showed a marked hemoconcentration, nith an hematocrit of 63 per cent, and a 
red cell count of 7,800,000. The urinalysis showed a three plus pjmria and proteinuria. 
Fluoroscopy and barium studies of the gastrointestinal tract revealed an incarcerated dia- 
phragmatic hernia. 

At surgery, on Oct. 31, 1951, a left thoracoabdominal incision through the eighth 
intercostal space was employed. The distal 80 per cent of the stomach along with the entire 
greater omentum had herniated through a defect in the loft diaphragm and had become 
strangulated. No hernial sac was present. The stomach and omentum were replaced in the 
abdomen. The diaphragm was closed with interrupted cotton sutures and the incision closed 
in layers. Closed intercostal drainage was employed in the left pleural space. Postopera¬ 
tively, the patient became anuric with rising blood NPN to 370 mg. per cent at the time 
of his death on Nov. 3, 1951. Autopsy was not granted. 

Q^gj. g__ip L a 36-year-old white man, was admitted to the Baptist Memorial 

Hospital on Sept. 19, 1956, because of colicky epigastric pain present for 12 hours prior to 
admission. He stated that he had been stabbed with a pair of short nail scissors over the 
left chest about 2 years previously. He had been a patient in the Baptist Memorial Hospital 
at that time but went home 48 hours after admission with no treatment other than observa¬ 
tion. In July, 1956, he was hospitalized in the Methodist Hospital, Memphis, Tenn., for 
epigastric pain and remained in the hospital 2 or 3 days and medication was administered by 
hypodermic for the pain. At this time he had no cough, sputum, or hemoptysis, but he had 
noted slight dyspnea on exertion ever since the stabbing occurred 2 years ago. He had to take 
paregoric occasionally for his nervous stomach. There had been a 20-pound weight loss over the 
4-month period prior to admission. The remainder of his history was not related to the 
present illness. 
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The physical examination x\a‘5 e’^^ontially normal. He \Nas a well developed, well* 
nourished ivliite man appearing in good condition nith no acute distress, T]ie abdomen showed 
no mass or tenderness. TIio h\er, spleen, and kidneys nere not palpable. An admission chest 
film here sliowcd a thin walled cyst or perhaps colon just above the left diaphragm anteriorly. 
Tlio admission diagnosis i\as a possible traumatic diaphragmatic hernia vlth cither bowel, 
stomacli, or omentum in the hernia. Lung cyst and tumor were to be ruled out. 

A diagnostic pneumoperitoneum \\a8 induced and appeared to show a solid organ 
below and above the left diaphragm apparently going through a hole in the diaphragm 
anteriorly. Fluoroscopy ga\c little additional information except for some restriction of 
motion of the left diaphragm and the finding of tins solid density abo>e the left diaphragm, 
uiipiovimately 8 cm. in diamctei. 



FJg. 5. Fie. 6 

Fifr. 5.—Case 0, T. L R, S^pt 1‘), l'>56 A PA che<-t film shows a poorlv defined cj.stlc 
Miadow just abo\e the left diaphtaRm mcdmllx* This abnormality vas missed Jn one oi tuo 
other hospitals but on hlndslRiht Is falrb obMou**. 

Fir 6.—Case 9, T, L R Sept 25, 1956. A diapnostic pneumoperitoneum has been 
iiulureci There appear to be adhesions between the left diaphragm and subphrcmc organs 
and tne stomach shadow is somewhat unusual. 

Intravenous pyclograms were nonnal. An upper gastrointestinal series wsi« done and 
showed no stomach or colon abo\c the tliapliragm. 

On Oct. 1, 1956, the left chest was explored through the ciglitli intorspaeo and a 
traumatic diaphragmatic hernia discovered witli a largo mass of omentum above the dia 
phragra. Tiiis omentum was incarcerated and strangulated. There was a traumatic liernial 
opening anteriorly in the left leaf of the diaphragm about 3 cm. from its anterior insertion 
into the chest wall. Tlie lung itself appeared nornml. The liermal opening measured about 
3 cm. in diameter. The omentum was everywhere adherent to the opening and was aho 
adherent to tlic lower lobe of the lung m several plates. These adhesions were ligated aiuU 
divided. TJip hernial ring was freed of its adhesions and the onienluni was tlien rcplaeed in 
the abdomen. However, it was ncces«ary to increase the openi«" ' 'd,'. • anof' 
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2 cm. in order to reduce the herniated omentum. A two-layer closure was then made of the 
diapliragmatic opening, imbricating the two edges of the diaphragm, using interrupted mat¬ 
tress sutures of No. 1-0 cotton for the repair. The phrenic nerve was crushed lightly just 
above the diaphragm. The wound was closed in lajmis, with one intercostal tube for drainage. 

The patient’s recovery following surgeiy wms uneventful and he w-as discharged on 
Oct. 11, 1956, to resume gradually his former activities. 



Fig. 7. F'e- 8. 

Fig-. 7.—Case 9, T. L. R. Sept 26, 1956. Tins film w-as taken with the patient lying 
on his right side The pneumoperitoneum outlines a solid mass partially above and below 
the diaphragm which later was proved to be omentum going up through a rent in the dia¬ 
phragm. 

Pig. g.—Case 9, T. L R. Oct 24, 1956 A postoperative film. There is slight pleural 
reaction on the left w-hich is subsiding and the left diaphragm is slightly elevated due to 
the phrenic crush whicii was performed at the time of surgery m order to take stress off 
the suture line until it healed. 

Case 10.—W. P. L., a 52-year-old wlnte man, was admitted to the Baptist Memorial 
Hospital on April 19, 1951, on the seivice of Dr. R. L. Sanders and Dr. Turley Farrar. The 
patient stated that he had had a diaphragmatic hernia for sometime, but 24 hours before 
admission lie had begun to have severe pain in the chest, mostly in the midline anteriorly. 
He had formerly had a diagnosis also of peptic ulcei. The pain did not radiate and was 
chiefly substernal in location. Five years before in Birmingham, Ala., a diaphragmatic 
hernia had been diagnosed. Over the 5-year period prior to admission here he had inter¬ 
mittent spells of vomiting, even on an ulcer diet. 

Physical examination revealed a well-developed, well-nourished white man, not appearing 
acutely ill except for mild tachycardia. The blood pressure was 100/60 mm. Hg and the 
abdomen showed slight epigastric tenderness but no mass was palpated. The solid organs 
were not palpable. 
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Routine laboratory studies 3\cro essentially normal On April 20, 1951, Dr R L 
Sanders performed an exploraton operation on the patientabdomen after first haiing 
Dr Earrar perform a left plircnic crush through a neck approach under Novocain anesthesia 
Fascia ^^as removed from the loft thigh and two sutures wore prepared, only one of uhich 
3\as actually needed ■\^hen the abdomen was opened it was discovered that about 60 per 
cent of the stomach was up in the chest and strangulated, with a very large opening in the 
diaphragm—large cnougli to admit the entire hand The stomach was dragged do3vn out 
of the thorax and the peritoneum freed in front of the esophagus which was then liberated 
and mobilized Then the leases of the diaphragm were elevated with Allis forceps and the 
opening of about 10 cm in the diaphragm was closed, using interrupted silk and then eon 
tinuous fascial sutures This clo'ied the opening fairly snugly around the esophagus, leaving 
enough room to admit two fingers beside the esophagus The stomach and duodenum were 
entirely negati>Q with no eMdciicc of peptic ulcer Tlic patient’s convalescence was une\entful 
following surgery and he was discharged on May 5, 1951 


SU’^ni 

Case lepoits aic piesontcd of 10 consecutnc patients ha%ang stiangulatecl 
diapluagmatic hernias obser\cd in the John Gaston Hospital and Baptist 
Slemoiial Hospital, Alcmphis, Tenn, o\ei a 10 y^eai peiiod Foiu of the 10 
patients died following surgen, a moitalitj rate of 40 per cent m this small 
sciies 

Stinngnlatcd diapluagmatic hcinia is a seiious siugical emeigenc\ Mith 
a lelatnely high moitality It is suggested that a moic nggiessnc attitude be 
taken in tieating this type of hcinu beloie it becomes stiangulatcd, ns suigical 
icpair of the heinia itself is simple y\ith a \eiy low moltallt^ late uhen no 
stiangulation is picscnt 
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THE REPAIR OF THORACIC WALL DEFECTS WITH 
SLIDING RIB GRAFTS 


An Experimental Study 

G. Econovw,, M.D., and Harry ir, Soutbickk M.D„ Chicago. III. 


ym. most Joi^ncal source of materia! to replace defects in the thoracic wall 
ei-oated L uring the course of major tumor surgery is the patientown tis¬ 
sue A^al^abJe structures, however, have }iad the disadvantage of instabilitv 

so Uiat the surgeon xs- often tempted to add a foreign material to compensate 
for this. 


Paced M'idi a major chest wall defect at the close of a major surgical case, 
it is the rare in.stance where the surgeon finds the latissimus dorsi or peetoralis 
riajor muscles with their intact neurovascular supply available for repair, 
ha.seia lata or the anterior sheath of tlie rectus abdominis muscle, tissues most 
commonly emiiloycd for such repair, can be used in most instances. The ad¬ 
ditional time consumed in obtaining them, or the necessity of having a second 
surgical team do this, has been their main di.sadvantage. Purtliermore, these 
fis.snes do not offer ideal stability in many cases. This disadvantage is more of 
jisychologic than ])hysiologic importance. Closure of the defect simply with 
the overlying shin results in maximum paradoxical motion in this area. Al¬ 
though this does not significantly impair respiratory exchange, it is unsightly 
and disturbing to the patient. On occasion, necrosis of such overlying skin has 
resulted in near fatal imeumothorax. 

A variety of hetcrologus prosthcscs have been used with the emergence 
of several basic conclusions. If it is to succeed, the heterologous prosthesis 
mu.sl not only be inert but must also offer both mobility as well as stability. 
Tantalum plates, u.scd iu the past, have bcou I’cmovcd. almost without exception 
because they became dislodged or became the focus of an infected sinus. 
Although valuable iu repairing defects that can be covered by muscle and NH- 
Ihiekno.ss skin, tantalum mesh when used as a snbexrtaneous piosthesis becomes 
fragmented with slivers of wire protruding from the overbdng skin and giving 
rise to elironie abscess formation.''’ ®’ * 

With tliis knowledge, the present authors conducted an experimental and 
clinical study of using .slicots of Tvalou sponge as the prosthetic material.”® 
Bceanso the vacuoles In this inert material intercommunicate freely, serum 


Ili.o(/s?hooV or «'■ Sursical Re.-^onreh, Urosbytorinn Hospital. -University of II- 

iinoiR, holiool of Modiclno, Chic.apo, HI. 

Rccolvod for piibUonlfon Jan. 17 , lo.riR. 
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quickly periiieatod throughout to lay the fraitieivork for the fibroblasts and cap¬ 
illaries which followed. This resulted in a firm yet mobile support of inert 
substance permeated by living tissue. A.s in all instances where foreign sub- 
stanees are used, the contraindication to Ivalon being used in the pi'esenee of 
infection, or potential infection, .significantly limited its use. 

Our experience gave impetus to a further search for a prosthesis which 
presumably would be autogenous, easily available, offer stability, and yet be 
mobile. It was felt that a step toward such an achievement would be the de¬ 
velopment of a technique of providing .sliding rib grafts. The ribs adjaeejil 
to a thoracic defect are readily available and easily mobilized in a short time 
and with their intact periosteum can serve as fresh autogenous grafts. 

For the sake of greater technical ease, large mongrel dogs were selected 
for study. Surgerj’^ was performed under intravenous Nembutal anesthesia and 
endotracheal intubation. By removing a 4 em. length of three consecutive ribs 
together with the intercostal muscles there was created a full-thiclaiess defect 
of the right thoracic cage (Fig. 1). 

The defect was now ready for repair. The intercostal muscles were sep¬ 
arated from the superior (eephalad) aspect of the ribs which had been partially 
resected (Fig. 1, A). This was done lateral to the defect and for a distance 
suffieient to free an adequate length of rib which was to be mobilized. So that 
there would be a minimum of bleeding and in order that the neurovaseular 
supply of the intercostal muscle would continue functioning, the muscle was 
deliberately sectioned at its insertion rather than at its origin. Care was taken 
not to remove the periosteum. 

With a Stryker oseillating saw, using the narrow side of a fan-tail blade, 
the rib was split lengthwise as far laterally as the intercostal muscle had been 
freed (Fig. 1, S). With a short cross cut the appropriate length of rib was 
removed. A notch was made on the sectioned ribs medial to the defect so that 
they could receive the sliding graft. With a very small drill (preferably a 
dental drill) holes were made at the ends of the grafts and of the sectioned riUs 
on either side of the defect. 

No. 32 stainless steel wire was passed through these holes and, with a figui'C- 
of-eight tie, the sliding grafts were secured in position. By tidal and error the 
above ligature and tying techniques were found to be the most suitable to .secure 
the graft and to prevent ligatui’e fragmentation. After all the rib grafts were 
secured, the intercostal muscle was re-attached to the cori'esponding rib (Pig. 
1, C). Because half the width of the rib was absent, the intercostal muscle had 
to be stretched somewhat in order to reach the rib below. Of course, over the 
site of the original chest wall defect, sliding rib grafts but no intercostal muscles 
were present. The overlying musculature and skin were then closed in layers. 

At the conclusion of the surgery the rib grafts by their solid .support pre¬ 
vented paradoxical motion of the thoracic wall, and yet were mobile in concert 
with the remaining ribs. In effect these were immediate autogenous- rib grafts 
with intact periosteum. The majority (90 per cent) of the grafts surrived ard 
developed into viable solid supporting structures. In no instance did inAetxm 
develop. The rib grafts that did not survive were ah.sorltedr'-By the 
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was evident, fibrous tissue had sufficiently infiltrated this area so that the de¬ 
fect could be detected only by x-ray. Occasionally there developed a pseudo¬ 
arthrosis at the point where the sliding graft was anchored. Tliis could be 
demonstrated by x-ray (Fig. 2) but Avas not detrimental. 


A 






Fig-. 1.—Composite dra-^-ing of operative technique of sliding rib ^afts. 

A, Intercostal muscle is divided at its insertion and sufficiently lateral y o a 

appropriate length of rib to be mobilized. • . ... , . -* 1 , „ 

B, The cephalad portion of the rib with its Intact Peno^eum is spht 
Strj’ker oscillating saw. A short notch is made m the ribs medial to the d e . 

drilled at all the rib ends. . • xt oo otosmood 

C, The grafts are anchored in place with ^^saire-of-eight ties, using o. 

steel wire (see insert). The intercostal muscles are then re-attached to the cep S 
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The procedure was performed on 15 animals; some on both sides. The 
animals were sacrificed at intervals of 2 to 50 weeks. At autopsy, there were 
variable lung adhesions to the surgical site but most of the area was covered 
with parietal pleura. The grafted region was as firm if not more so than the 
adjacent tissues. On microscopic examination the grafted ribs are indistin¬ 
guishable from those on the recipient site (Fig. 3). 


SUMMARY 

In the process of excising chest wall tumors, or when, because of locally in¬ 
vasive bronchogenic carcinoma, a portion of the chest wall has to be sacrificed 
along with the lung, there is the necessity of adequatelj^ repairing the re.sultant 
defect. To meet this problem we have developed in dogs a technique of im¬ 
mediate autogenoiis sliding rib grafts. The high incidence of success in animals 
justifies clinical application. 
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THE ARTERIAL DISTRIBUTION TO THE RIGHT UPPER 
PULMONARY LOBE 

Ra) mond J Bai i elt, /II D, Paul V O Romkc, /II D, and 
Wm /II Tuttle, /II D, Dettott, Mtch 


W E Hire pieMoiisly icpoitod* on tlie aiRiul clistiibnfion to tlit loft nppoi 
lobe, a iiibjeot on nliieli tbeic Ins been considciablo imsintoim.ition in the 
litoiatme IVlule eollccting d.ita tor the abo\c lopoit mc have used the s>amc 
tipo data shoots to aoonmulato intoimation on the at tonal distiibution to tlio 
light uppot lobo Alfliongh the aitciial supph to the lattci is oonsidoiabh 
mote coiistaiil, -no base oiicoiiiitcicd 13 \aiiatioiis in 200 cases It is iclt 
that a set of simple "maps ma.i be useful to lesidonts in tiaining and to the 
occasional opciatoi 


JirruoD 01 STUoi 

Each light iippei loboetoiiii oi segmental lesection ot the right iippei 
lobe pertoiinid at Hciman Kictei Hospital nas chaitcd immedi.itch aitei 
surgen as to the distribution ol tin aiteiies As a tcaehing piocediiic for the 
resident staff, each aiteiial stem nas tiaced to its fiist inajoi blanching and 
the destination ot these biamlies detciniincd Those segmental opeiations 
Mere excluded in Mliieh calcification and scainng Mould ha\e lendered hazaid 
ous dissection of vessels othei than those mIiicIi ief|uiicd ligation foi the pio 
posed opeiation No attempt Mas made to subdieide the iiidiMdiial pulinonan 
segments oi the aiteiies thcicto AVhilc the identification of the secondan 
and toitiary blanches of the segmental aiteiies is a delight to the anatomist, it 
has lolatiioh little suigical impoitancc The picscnt lepoit is based on 200 
cases Mheio the entiie ai-teiial supph to the light iippei lobe eoiild be elcaih 
identified and tiaccd 


nFStJLTS 01 Tlir STUDY 

Prom Table I it is ciideiif tint in iieailj thiee (pniteis of cases the light 
uppei lobe is supplied In tMo aiinnl tiuiiKs 


Prom the Thoracic Surgen Division Herman Ivlcfer Hospital and 
*^nrKerj Collcf’e of Medicine ■\\a5ne State Uni>ersit> Detroit Afich 
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Mg'. 1.—The most common arterial distributions to tlie right upper iobe. These four 
patterns account for 86 per cent of all eases. In all figures, tire Jackson-Huber classification 
is used with 1 representing the apical, 2 the posterior, and 3 the anterior segmental arteries. 





Pig. 2—^Less common distributions. Note the 3.5 per cent of cases in which supply 
to the posterior segment is derived from the artery to the superior division of the lower 
lobe. 




Fig. 3—Least common distributions. These five variations are found in only 4.5 per cent 

of cases. 



\ oluroe l( 
\uml er I 


UlTEHt V.L DISTRrBUTIOjSr TO BDL 


119 


TVBIL 1 NuMBUi OF AUTFriAI 

Trunks to tiil Kigut UriEU Lobk 

NUMBn OF BIANdIF'v 

1 PEP CENT OF C\srs 

1 

6 

■» 


3 


lotal 

100 

Mein J 2 


The illustiafions aie mote oi kss self C'cplaiiatoi\ In Pig 1, it is seen 
tliat fil pel cent ot all cases h.ni an apico iiitenoi and a posteiioi tiuiiK In 
aiiolliei 8 pci cent, tlieic aic tno posteiioi tiunks The fom distiihutioiis 
shown in Pig 1 account foi 86 pci cent of all cases Fig 2 leveals that, 
111 3 0 pel cent ot cases, all oi pait ot the arterial snpph to the posteiior seg 
iiiont mil bo denied liom the aiteij to the supeiioi segment of the loiiei lobe 
Ill the 7 eases in iihieh this occuiicd, the branehiiig was so proMmal that it 
lias imiiiediatelj leeognized and the supplj to the snpeiioi division was saved 
III all instances Pig 3 shows the least common foim of distiibiition, oe 
eiiiiing in less than 6 pei cent of cases 

Table II shows the numbei of individual blanches supplving eacli seg¬ 
ment It will bo noted that, in flic grc,it imgoiitv of cases, e.icli segment is 
supplied hv onlv out aiteiv 


Tabif It NtivriiEr or iNnmouAi Bkvncius to 1 von Sfoment 


i 

SEGVtEM 1 1 

1 SiOMFVT 2 

) SEOltENT 3 

One artery 


85 

97 

Two arteries 

15 

14 

3 

Three arteries 


1 

0 


100% 

100% 



CONCLUSIONS ^VND SUMSIABY 

Two hundred cases ate picseiited in wliicli the aiteiial distiibntioii to the 
light upper lobe has been acemateh mapped No staitling anomalies have 
been encountered Three qnartcis of all cases aie supplied bv an apieo anterioi 
and eitliei one oi two posteiioi tiunks In the lemaiinng ejuaxter of the eases, 
eleven additional distuhxitions have been identified In the lattoi cases pei 
haps the most significant aie the 3 5 pci cent wheic the posteiioi segment is 
supplied from the arteij to the supeiioi division of the lower lobe 

liEFERENCE 

2 Jlnrrett R J, I)i\, T C vikI Tuttle, W At The Vrtenal Pistnbution to the Loft 
Upper Pulraonvr^ Lobe T Thoracic Sere 32 ICO 397, 395G 











EVENTRATION OF THE DIAPHRAGM: HERNIATION OF THE 
LIVER INTO THE LEFT AND RIGHT HEMITHORAX 

A Case Report 

AJoses Grossman, Ai.D., Rif a Brady, Ai.D., and H. Brodie Stephens, Ai.D., 

San Francisco, Calif. 

T his is a report of a ease of eventration of the diaphragm occurring in a 
5^-year-old boy. The only abdominal organ extending into the chest ivas 
the liver, -whieh was found in the right as well as the left chest. 

There is extensive reporting on the subject of eventration of the diaphragm 
vdth herniation of the liver into the chest, otherwise known as partial eventration 
of right diaphragm, superior accessory lobe of liver,^ or hernia diaphragmatiea 
dextra hepatica." Several excellent reviews of the literature on this subject 
have appeared recently.®'® The majoritj'^ of reported cases have been those of 
right-sided herniation. A careful review of the literature reveals no previously 
^ reported cases of bilateral eventration of the diaphragm. We would like to 
report such a ease in detail, one whieh simulated an intratlioracic tumor. 

CASE REPORT 

D. H., a 5%-3^ear-oId b 03 '-, was referred from Anchorage, Alaska, with the chief com¬ 
plaint of deformitj' of chest, poor growth, and a “ma.ss in the chest.” The child was born 
prematurety, weighing 2.G4 kilograms (3 pounds 10 ounces), following a normal pregnanc_v 
and delivery. Both the father (39 j-ears old) and the mother (42 j’ears old) were in good 
health. Bamily history revealed a half sister, 19 j'oars old, who had had a neurofibroma 
about the size of a walnut removed from the mediastinum. Her recovery was uncom¬ 
plicated. 

The first 5 years of life were uneventful except for the occurrence of whooping cough 
at the age of 4 months. The first chest film was made approximately 8 months before 
admission here because of a prominence of the cartilages over the left chest, and revealed 
a mass within the chest confluent with the cardiac shadow. The child was completely 
a.symptomatic as far as the heart and lungs were concerned. 

Phy'sical examination at the time of admission revealed a very slender, asthenic boy 
who appeared quite lively and sociable, although his over-all performance gave one the 
impression of mild retardation. He weighed 13.62 kilograms (30 pounds) and was 82 cm. 
tall. His head circumference was 46 cm., which is in the 50 percentile for a 9-month-old 
child. 

The positive plyysical findings other than his small size were limited to the chest. 
There was a mild, left precordial bulge with prominent junctions of the cartilages and 
ribs. No abnormal heaves or thrills were noted. Careful percussion revealed an increased 
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area of dullness in the lower mediastinum. The breath sounds were of pood quality 
throughout. The lienrt rliythin nas rcgiilnr, the rate nas not rcinnrkalilc, tlic heart sounds 
■\>cro of good quality and the second sound A\as single and of normal intensity. A Grade 2 
.S 3 'stoIic murmur was best heard at tlic apex; this changed nith position and Jiad the quality 
of a functional murmur. The pulses were of good quality throughout. The blood pressure 
was 112/75 mm. Hg. 

Laboratory work revealed a hemoglobin of 12.3 Gm., packed cell volume 40, nhite cell 
count 10,150, normal difforontial; urine clear; tuberculin 1:1000 negative, fichick negative; 
Echinococcus skin test, negative. A psychometric examination re\enled his mental age to 
bo 4 years 4 months, mth a borderline classification of intelligence. 

An electrocardiogram sliowcd a notched, slurred S in Lead V, which could indicate 
an impaired right conduction but also could well be ■within normal limits. 

Roentgenograms of the chest revealed a large homogeneous mass in the lower anterior 
portion of tlie thorax which was contiguous with the contour of the anteromedian segment 
of botli the right and left hemidiapliragm as well as the base of the cardiac silhouette 
(Fig.l)- 



Fig- 1.— A, Roenteenogram of chest In the postcroantei ior projection. Note large homo- 
geneous mass contiguous with the base of the cardfac silhouette which is rotated and displaced 
cephalad 

n. Left anterior oblique projection of chest demonstiating contiguity of tlie mass to the 
cardiac shudoiv and both leaies of the diaphragm 

Fluoroscopic examination of the chest disclosed no abnormality ot the diapliiaginatic 
excursion. The mass which moved sy'iichronously with both leaies of the diaphragm 
exhibited no alteration in size or shape with respiration and no intrinsic pulsation was 
detected. An angiocardiogram revealed no intrinsic abnormality of tlic cardiac chambers 
or of their sequence of opacification. The cardiac silhouette, however, was compressed and 
displaced cephalad and slightly posterior by' the large mass, in which no contrast material 
was detected {I'lg. 2). Although the stndv did not conchisiveh establish the location of 

the mass, a tentative diagnosis of a mediastinal tumor—most jirobahly a jicricardial cyst_ 

w as made. 

A bilatoial evjiloratory thoiacotom.v and a limited laparotomy were performed on 
March 29, 1957 (H. L, S.). A transverse incision was made, centered Over the fourth 
interspace, and earned from one anterior axillary Jme to tJie other and acjoss tlie 
Both pleural cavities were entered. Later, in order to more clearly ' ’ 
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the inferior segment of the sternum was divided in the midline and a “T” extension of the 
incision carried through the anterior abdominal wall into the peritoneal cavity. This latter 
incision extended downward almost to the umbilicus. 

A thorough exploration of the chest was performed, as well as a limited exploration 
of the peritoneal cavity. The findings appeared to be a failure of development of the 
tendinous portion of both hemidiaphragms. The defective development involved the centra] 
tendon of the diaphragm onlj'. The muscular portion appeared entirely normal. Both the 
pleural and the peritoneal cavities were intact. 

The liver protruded through this central portion of the diaphragm and presented itself 
in the chest just posterior to the lower segment of the sternum. It was located in the midline 
just beneath the heart and had a bilobular appearance, as illustrated in Pig. 3. The left lobe 
of the liver was abnormally enlarged. The lound ligament seemed to be in the normal location 
and the right lobe of the liver vas thought to be of noimal size. No attempt was made to 
determine the location of the gall bladder. A biopsy was taken from the left lobe of the 
liver and revealed entirely normal Ih'er tissue. It was not thought possible to repair the 
ver}' large defect which involved the central portion of the diaphragm and the abdominal 
and chest incisions were closed. The child had an uneventful hospital course and was dis¬ 
charged on the twelfth postoperative day. 



A. B. 

Pig 2._A and B, Angtocardiograni in anterojrosterior and left lateral projoctron showing dis¬ 

placement and rotation of heart by nonopacified mass. 


DISCUSSION 

Tlie roentgenographie findings associated with partial ei'^entration of the 
right leaf of the diaphragm with herniation of the liver are usually sufficiently 
characteristic^'® so that the diagnosis can be reached with ease. IIoAvever, in 
this ease, the location of the mass in the chest immediately inferior to the heart 
and centrally in the chest was misleading. To our knowledge, eventration of 
the diaphragm in this particular location has not been reported previously. 
The angiocardiogram was performed to further ascertain the relation of the 
anteromedian mass to the heart and to the diaphragm. This clearly revealed 
that the mass was extracardiac, but did not clarify its position vdth respect to 
the diaphragm. 
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In retrospect it is apparent that a diagnostic pnenmoperitoneum would 
have been the roentgenographic procedure of choice and would have led to 
the proper diagnosis preoperatively." This is illustrated by Fig. 4 which 
depicts another case in which there was a partial eventration of the left leaf 
of the diaphragm with herniation of an abdominal viscus. 

The more commonly described cases of eventration of the right diaphragm 
and herniation of the liver into the right chest arc due embryologically to a 
failure of formation of the muscular portion of the diaphragm.®’ ^ In the case 
reported here, the developmental failure responsible for the eventration was 



Pig-. 4 .—Film of abdomen following- diagnostic pneumoperitoneum demonstrating intact dia¬ 
phragm 


failure of formation of the central tendon which derives from the central por¬ 
tion of the septum transversum. The muscular part of the diaphragm 
appeared normal but, instead of a strong firm central tendon, only the thin 
pleural and peritoneal layers were present. 

This, therefore, represented a congenital malformation with nondevelop¬ 
ment of the central tendons of the diaphragm. The physiologic intra-abdominal 
pressure stretched the veiy thin membranous central portion of the diaphragm, 
enabling a portion of the liver—invohdng both lobes—to prolapse into the 
diaphragmatic pouch thus developed. 

The importance of recognizing eventration of the diaphragm with herniation 
of the liver preoperatively has been stressed previously.® In our case, we 
were misled by the fact that the eventration occurred in the area of the central 
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tendon of tlie di.H)hragni instead of the nuiculai- portion of tlio riglit or left 
side. This case is being reported to call attention to the possibility of this- 
diagnosis in those cases where the suspected intrathoraeie mass is located 
centrally. 

SUMMARY 

This is the report of a ease of eventration of the diaphragm with herniation 
of the right and left lobes of the liver into both sides of the chest, due to failure 
of proper formation of the central portion of the central tendon of the 
diaphragm. 
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ANNUAL MEETING NOTES 


The Thirty-eighth Annual Meeting of The American Association for Thoracic 
Surgery Trns held in Boston, Massachusetts, j^ftiy 1C, 17, and IS, lOoS. There ■were 1,157 
physicians ivho registered for the scientific sessions. In addition there -were 142 -n-ives 
present. 

The first day of this year’s meeting was dedicated to the memory of Evarts A. 
Graliam. It is planned that the pnper.s read on tliis day will comprise a special issue of 
The Journal or Thoracic Surgery and bo appropriately marked. To further perpetuate 
his memory the Traveling Fellowship of this Association has been renamed The Evart.s A. 
Graham Jremorial Traveling PeIIow.ship. Mrs. Graham was an honored guest of the 
Association during this meeting. 

The headquarters office of the Association has proved itself over the two-year period 
that it has been in operation. It, therefore, becomes evident that the Association should 
no longer continue to impose upon the generosity of Washington Universitj- for this space. 
To this end the necessary funds were appropriated with wliich to set up on admiuistrative 
office in the St, Louis area. The new address of this office will bo Carondolot Building, 
7730 Carondelot Avenue^ St. Louis 5, Missouri. 

The problems posed by the unprecedented growth of the Association and the report 
of the .special committee that has studied them for two years were discussed at great 
length in E-xecutivc Session. liowever, no clearly acceptable method for strictly limit¬ 
ing the membership was evolved. The size of the attendance at our annual meetings is un¬ 
dergoing further scrutiny. 

The following changes in membership status were voted by the Association during 
its Executive Session: 

Seven members were dropped from the rolls of the Association either through the 
acceptance of their resignations or because of nonnttondancc. 


The following Active members were elevated to Senior status: 

Andre Cournand Charles W. Lester 

John H. Garlock Alton Ochsner 
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The following Associate meulbe^^ wi 
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Original Com m u n icati o ns 


ON THE PATHOGENESIS OF CARDIOSPASM 
An Experimental Study 
P. Ahior, Dr.Aleil., Kiel, Geniiany 


INTRODUCTION 

^ERTAIN swallowing diffleultics were described liy AVillis (1C72) and later 
by Hoffmann (1733) and Purton (1821). In 1881, von Mikulicz gave the 
syndrome the name of “cardiospasm.” Although it is now generally recog- 
nizcd that the condition is not a.ssociated with any true spasm, this name is 
sti %videly used. During the last few decades, numerous cases have been de- 
senbed, but tlie etiology and pathogenesis are not yet properly undez’stood. 
n addition, it was not until i-ccent years that general therapeutic principles 
icgan to emerge from the critical analyses and comparisons of the late results 
achieved by different types of treatment. 

Although the condition is still commonly referred to as cardiospasm, the 
name achalasia, i.e., failure of the cardiac orifice to open after all the refle.x 
movements of deglutition have come to an end, is far more correct and should 
he preferred. The clinical picture described by voii ktikulicz is not associated 
ndth any spastic condition of the esophagus. Diffuse spasm of the esophagus 
is a separate clinical entity (Olsen and as.sociates) and should not he confused 
u’ith achalasia, although both conditions may be seen in association with one 
another. Spasm of the csoiihagus is accompanied by liyTiermotility, achalasia 
b.y liypomotility or even paralysis of the entire esophagus (Puppio). The 
contrac tions are often irregular, ineoordinated and, as a rule, refraetoi-y to 

rVuni the ClitrurKl&che Uni^ersIOttsklinlk. Kiel. Gerniany": Head Profeseor Dr n tvnm « v 
Recehed tor publication march 10. 1958. ’ wankc. 
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eokl; he obseivetl that adniinistiatioii of antihistamine clecieascd both the 
intensity and the dniation of the lasoeonstiiction Judging by this iinestiga- 
tion, it nuist be assumed tliat tlie deciease in the eiieulation peisisting for 
some time after tlie application of the cold must enhance tlie immediate effect 
of the actual iniury Accoiding to Bottehci, iietvous tissue is still iiioic 
vulneiable to cold than the musciitatiuo and, apait fiom bone maiioiv, it is the 
tissue most sensitive to cold Ini'iiiy piodiieing seieie damage to the muscle 
tissue is thus also capable of in,piling nervous tissue It appeals piobable that 
the vasocoiistiietion pioduecd hj' histamine will involve not only the vessels in 
the actual legion exposed to the cold but also in the siirioundiiigs In such an 
anoxemie logion the piotiacted lack of oxygon supply may injnie the neinons 
tissue theie moio than the someivhat less sonsitiie muscle tissue 

In an attempt to inpne Aueiliaeh’s plexus, the caidia was exposed to local 
cold The expoiiments w’eio caiiied out on rabbits and dogs 

FxprniJirNT u, diti 

Caibon dioxide snow was applied locally to the legion of the caidia via 
a spooiall.v constiuotod copper tube ariangcment, a modification of the 
appaintus dcsciibed by Spoiansky In this way about 1 cm of the caidiac 
legion was exposed to a tempciatuic of about -S0° for half a minute. 

The animnls wcie anesthetized with moiphine-atiopine + .Somnifen intia- 
venotisly, A^a an uppoi median incision, the stomach was exteiioiized and the 
caidia made accessible The suiiouiidings of the cardia weie diaped and the 
eoppci tube placed aiouncl the esophagus and connected to a eaiboii dioxide 
eylindet foi halt a minute Tlie fiozen icgion fiist turned white, but aftei a 
few minutes it boeaiue pink Tiic chapes weie then lemoved and the abdomen 
was closed Twenty-foui houis later, when the effect of the anesthetic had 
woin off, the .animals lan about in tiuui cages as usual, and 2 dajs I.atoi they 
wcic eating as usual. The immediate postojiciative couise was iicvei com¬ 
plicated 

Dining the suhsequeiit 7 to 9 months the animals also .appealed to feel 
well In one gioup of 12 dogs, 4 showed a clistinet, 3 a slight loss in weight; 
4 had the same weight, and 1 had gamed a little in weight Swallowing 
clifftenlties, although lolathely slight, oceuiied duiiiig the last months only in 
2 animals; in thiee othois theie w'as occasional vomiting of iiiidigestod food 
dining the expeiimental teiin Some ot the lahhits lost consideiahle weight 
tow aid the end of the expeiimental peiiod Slost of them had, however, been 
killed eaihei (one gionp poi month) in ordci to study the piogiess ot the 
changes in the legion of the caidia 

Eomtycn Finihngs —Tlie esophageal lumen in dogs, which is usually about 
the thickness of an oidmaiv lead pencil (Pig 1, A), and tlirough which food 
nsuallj passes lapidlv, was regiil.ailv dilated half a .tear after local fieezmg of 
the eaidia, sometimes the dilatation was marked (megaesophagiis), the wall 
was atonic and the passage of the food delayed No oiganie stenosis was seen in 
the legion of tlie e.iidia (Pig I, B and C). 



A, Noimal e«?ophagus (dog) B , Megaesophagus 7 montlis after cold injurv (Dog 6) 
C , Megaesophagus 9 months after cold injury (Dog 1) 
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Post-Mortem Examination.— Seven to 9 inonllis after flie o-\perimont tJie 
animals were killed and tlic esopliagus and stomach immcdiatclj' I'cmoved and 
fixed in formalin. 



Pig 3 Pie 1 

Figr 3—D{«itlnct c<?ophag'e'iI illlatatJon (conimencinp tUcomponsition) in Dof? 3 
iPfff 4 —Rabbit osophapus 12 week-? after cold injiirj Note pionouncetl dilatation of 
esophapus and mnanunatorj clianges of the nmtosa because of commenclnp etorcoral osoplngitis 
t\lth numerous superflcml erosions, and ulceration Tbe widening of the actual cardia is almost 
negligible 


The longitudinal cut surface of the esophagus shoivcd piononnccd nuiscular 
h.rpertiopliy, cspeciallj- in tlie lower third (Fig. 2) In sueh prcpaiations, the 
dilatation iias also more distinct than in unslit specimens (Figs 3 and 4). 

« nitc, the caliber of the esophagus had me/eased., tiro- to tin refold, hut 
the cardia never showed any cicatricial stenosis after the injv' • hy the cold/. 
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Fiff 5 Fig 6 

Fig 5—Necrosis of the muscuhature of the cardia of a labbit 4 8 houis after exposure to 
extieme cold The muscle fibers aie broken up (coagulation necrosis) Edema between the 
muscle fibets wuth swollen fibroc>tes and invading histiocytes (Hematoxvlin and eosin . X160 , 
reduced Vi ) 

Fig 6—Result of cold injurj Waxy (Zenker’s) degeneration of the muscle fibeis, loss 
of parenchjma and dissociation (Hematoxjlin and eosin, Xl20 , leduced Vi ) 



Fig 7.—Tissue excised fi om human cardia w ith achalasia for comparison w ith Fig G 
Sevei e loss of mvisculature w ith pronounced collagenous connectiv e tissue betw een the dis¬ 
sociated and degeneiated muscle fibers Diffuse and focal lound cell inflltiation 
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The cnidia was dosed in the nsnal way after death, and the mucosa urns intact. 
The dilatation ahovc the canlia was thus not due to organic stenosis hut to a 
functional disturbance, i.e., the failure of the cardia to lelax. 

Histologic Findings.—In all of the animals, the cardia showed tnneal 
changes due to local freezing. The elianges were moie inonounccd in the rabbits 
than in the dogs (Pig. 5). 



FJg S—Gfinslion of Axierbacl»*s plexus of the caitlJa Marked lncre/f«e in sunnortirtr 
and connecti\e tl'^sue The number of Ranpllon celli Is decroa''ed, aJtfioujrii the total ^ 

larger than normal (Nissl s method, xl20; reduced H ) 

9--Autononijc parasj mpathetic ganglion of the canlia ntUi numorouR 
Kangnon cells Yaciiolatlon of the plasmn, inHslng nuclei (conflmtf-d In soristi ^ 

creased number of capsule and supporting cells (NIssl s mftlio'J, y 2 (J 0 ’ reduerd i 


Fig. 6 shows a typical pictuie 9 months after injury hy cold Tb( 
is limited to a legion about 1 cm. wide (width of the eoi)pfr tube 
the carbon dioxide snow) and .showed the .same histologic picture s-' *'1' 
in o.xcised tissue fioiii the caidia of luunaii beings svith achala.* 
namely, cardiac sclerosis 

Tlie tissue above the fioren icgioii slioucd marki^’’^' , 
musculature, but the mural layers were otlieruisc oi 
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Fig 10 


Fig 11. 



Fig. 12 





Shrinkage of the cell. 

.. _OI .rt-ClCi ~ _ 1 . 

Fig 10.- 

mtracellular ■- _ 

age of the cell with retraction from the capsule •'‘M^„r„„ophagia 
cftoplasm. Complete 'lestruction of the nucleu of the esophagus 

pig X2._Gro-nth of inteicalary cells in me 

cold injury. 
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the othei hand, hetweon the anmilai and longitudinal inusculntuir in the 
region of Auoihach’i, plexus thcie was a stiildug accumulation of round cells 
distinctly demaicating this otherwise haidly diseornible legioii (Figs 8 and 9) 

Under high magnification it ■was seen that some of the ganglion cells had 
been completely oi paitly loplnced by piolifeiating capsule and inteistitial 
cells and some showed eonsideiablc degenciative changes (Fig 10). Ileie 
laiious degiecs of degenciation of the ganglion cells ncie obsoivod with eom- 
mcneing neui onojihagia The ganglion cells wcio swollen, the Nissl bodies 
weic clumped oi dissolved, the ganglion cell nucleus was seen near the maigin 
of the cell and in the poiipheiy of the cell phagocyting siippoiting coll ele¬ 
ments (Pig 11). 

The ahove-montionod ganglion cell changes coiiesponded to those dc- 
setibed by Etzcl in 2 eases of eaily achalasia and the eiitiie pictuie of the 
changes in Aucibach’s plexus and in the surioundings was the same as that 
icpoited in the 4 eaily eases 

In oui animal expciiments, the cases may be legaidcd as early bocaiiso 
all the animals weic studied within 9 months of the fieezing of the cardia nitli 
1 dense of histamine and consequent lack of oxygen supply to Aucibaoh’s 
plexus But, oven aftci such a shoit peiiod, the fiiither couisc of the injiiiy 
was readily lotognizcd (Fig 12) The intoicalaiy cells in the cauline muscle 
coats wore hjpciplastie According to Feyiter, such hjpeiplnsin is a typical 
expiessioii of the i espouse ot the icgotativc iicivoiis sy.stcni to ohiomc iiiita- 
tion nith an accumulation of sustcntaeiilar cells in tiio wall. 

Piiithci' piogiess of the changes dcseiibcd above will, of coiiise, load to a 
final stage which AYanke found in a clinical sciics of achalasia and whieli 
he called scleiosis eaidiae 

DISCUSSION 

The obsoivations made in the picsent investigation thus showed that by 
fieezing the enuha in the lalihit and the dog it is possible to pioduce tlie 
ciinieal pieUiic of aelinlasia witli musciilai hypeitiophy of the esophageal wall 
and seeondaiy dilatation of the esophagus oi.il to the eaidia Boentgen- 
ogiaphy iieiei sliowed eieatiicial stenosis, and the mucosa was always intact 
Histologically tlie iio/cii logioii lesemblcd the end stage of achalasia deseiihcd 
by AYanke as cnidiac sdeiosis (Figs 13 and 14) Oial to the fiozon region, 
Aueihaeh’s plexus showed stiiking ch.iiiges and coiiesponded in all respects 
to that desenbed hj Camcion, Cioss, and Etzel in oases of eaily aciialasia 
Piom this region the disease piocceded lia the intcicalaiy cells in the miisciila- 
tiiic of the eaidia and fiiiallj lesnlted m complete stiiictiiial degenciation— 
eaidiac scleiosis. 

According to the piesent expciiments. the fiisf stage in the development 
of achalasia is an impaiimeiit of the eiiculation with consequent dcstiiietion 
of the iieuial elements of the eaidia This ciienlatoiy distiiihancc is due to 
the fact that the histamine lelcased in the eaidia legnm c.xposod to the cold 
lestilfs in piotiacted lasoeonstiiction not onl^ of the aetn IH- legiorr 
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Fig. 13.—Pronounced cardiac sclerosis of a dog 9 months after cold injurj'. The normal 
wall layers have been substituted by fibrous connective tissue; only small rests of the muscu¬ 
lature are visible. 



Fig. 14.—Normal wall layers of tlie esophagus (dog) as a comparison with Fig. 13. 
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but also of the sunouiidings This lasocontnetion is followed bj a peiiod of 
spontaneous contiattions (Zetlei, Doutcnwill) Oi'ing to then iclatnelj 
laige Ieiiuiiemcnt ol oxygen, the ganglion tells ait cxticniclj seiisitne to 
hypoxia and loadily sutcumb Cliiiicallj this piodiitos the jiittuie of athalasia 

Similai changes of the ncuial elements of the biain ouing to h.ipoxia aie 
Jfiionii, eg, follomng electro shoeh tioatineiit and folloiviiig the adniinistiatioii 
of Cai diazol and t asopi essiii 

SUIISMUX 

A cleai coneeiitiou of tlit iioinnl anatoiiij and plnsiologj of the icgion 
of the taidia is ncccssaiy ioi uiidcistanding the pathophjsiology of athalasia 

A icMCM ot tht litcintiiie and pcisonal expciimtiital iincstigatioiis siig 
gestod the folloniiig conelusioiis 

1 In the itgioii ot the caidia thtie apjicais to be no anatomic sphinctei 
analogous to the pjloins, the icsical sphinctei, ot the anal sphiiietei The 
closuie of the esophagus is Inought about bj a imiiibci of fattois, iiieludiiig 
the angle at ninth tht esophagus eiiteis the slomath nith the foimatioii of the 
pliea cnidiaea, and the natuial tone of the taidia 

2 The opening of tlu taidia at the end of deglutition is hi ought about by 
lagal fibtis extending fiom the nucleus jngmtntosus and inncnatiiig the 
stiiatod musculatiue of the uppot thud of the esophagus They aio not tuic 
jiaiasj mpnthetie fihtis hut, analogous to the mofoi filicis of the lagus iniioi 
lating the Ini-ynx, otcu|)j a siictial position in this none Thou antagonist 
IS not the si miiathotic sisttm hut the iieuiomusciilai sjstem of the caidia it¬ 
self nhith possesses considtiahle tone even in the icsting state On iiritation 
of the sjnipathotit sjstcm tin tone of the caidia is iiiticased but immediately 
docicases on tcimmatioii of the nutation llien nftei opeiation nith rcmoial 
of all the sympathetic filitis, e.iidiac function is still iioimal 

'The cxptiimeiits showed that it is possible to piodiice cxpeiimeutal 
achalasia simulating that seen m human hciiigs On the basis of these expeii 
ments and studies of human casts of achalasia of icccnt oiigiii and theieforo 
eaih in deieloiimeiit, it nas possible to foim a faiilj deal opinion of the 
pathogenesis of the disease 

1 Achalasia ajiiieais to niigiiiatc in Aueibath’s plexus nitli tjpital do 
generation ot the ganglia, agitcing cntiielt with tht findings seen in caih 
cases ot human achalasia With this as a point of dtpattuic the muial lajeis 
ot tht cardia dcguitrate piohahh giadualh, until tht; icath the final stage 
of dcgonciation doseiihed hi AVanlcc as caidiae scleiosis 

2 Judging by the human cases ot e ill} achalasia on iccoid, fhcic appeal s 
to exist ail acquiicd foim of achalasia 

3 In the expeiiments dcseiibcd, the causal factoi a as ehionie anoxemia 
OTth dcstiHction of Auoihach’s plexus as a tonsoqueiice 
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THE GASTROESOPHAGEAL SPHINCTER MECHANISM 

II. Further Experimental Studies in the Dog 

Johan H. Meiss, Ai.D.,* John H. Grindlay, and 

F. Henry Ellis, Jr., M.D.,*** Rochester, Minn. 

/^PINION varies as to the nature of the mechanism which normally prevents 
the reflux of gastric contents into the esophagus. Among the various 
liypotheses wliich liave been advanced, tJie following seem most worthj’' of in¬ 
vestigation: (1) an intrinsic gastroesophageal sphincter, (2) the acute esophago¬ 
gastric angle, (3) the diaphragmatic “pineheock,” and (4) a mucosal valve or 
rosette. 

Recent studies^ from this laboratory showed that the diaphragm is not the 
major factor responsible for gastroesophageal continence, and further suggested 
that a sphineteric mechanism of undefined nature resides in the region of the 
esophagogastric junction. These studies did not indicate whether an intrinsic 
sphincter exists or whether the ol3lique entiy of the esophagus into the stomach, 
associated perhaps with a 3’alve flap of mucous membrane, is responsible. 

It is the purpose of this paper to report further investigation concerning 
f the nature of the mechanism responsible for gastroesophageal continence. In 
these studies, carried out on dogs, the various mechanisms mentioned were 
eliminated one by one in an attempt to define more exactly the mechanism of 
chief importance in prevention of reflux. 

METHOD 

Adult mongrel dogs were anesthetized Avitli intravenously administered 
pentobarbital sodium (Nembutal) ; and in operations in which the thorax was 
opened, an intratracheal positive pressure apparatus was put in place. 

Growp I .—In animals of Group I the esophagogastric junction was removed 
and the esophagogastric anastomosis Avas made in difPerent Avays. In eA'ery dog 
the distal 2 cm. of esophagus and the proximal 2 cm. of stomach Avere removed. 
The anastomosis Avas made in tAvo layers, A\dth a continuous catgut suture for 
the mucosal layer and interrupted cotton sutures for the mriscAilar layer. 
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G)ovp //—Tlic acute esopliagogastiie angle nas eliminated m animals of 
Gioiip II by 1 ejection of tlie fundus oi bj dnision of the stomach 2 cm belon 
the esopliagogastiie pmction and anastomosis of the iippei iim of the stomach 
to the top of the fundus 

Gtoup IJI —Animals in Gioiip III nndeiHcnt foiniation of a partial tho 
laeic stomach The phienoesophageal ligaments uoie incised and the diaphiagm 
uas attached to the stomach at a lonei lei el, so as to eliminate the diapliiagmatie 
pinehcock mechanism 

Gtoup IV —The niueosnl losette nas eliminated m animals of Gioiip IV, 
in addition to elimination of the acute esopliagogastiie angle, and the diaphiag 
matic pinchcoch The stomach uas dnidcd 2 cm bclou the esophagogastric 
pinction and the pioxinial inn of the stomaeh nas anastomosed to the fundus 
In addition, the mucosa in both tins small iim of stomach and the lonei 1 cm 
of esophagus uas lemoied and icplaced In iiiiieosa fiom the fundus 

All dogs leeencd iieiiicillm and slicptomicm intiamusculaih aftei opeia 
tion The dogs iieic guen a liiiuid diet foi a week and wcie fed a meat meal 
twice a dav aftei that No othei method to meiease the output of Indiochloiic 
acid was used heeaiiso fioquont feeding was considcicd nioio neaili plnsiologic 
than the injection of histamine 

In all dogs, except tlioso undeigomg osophngogastiecfomi, the xagus nenes 
wete pieseiiod One dog in Qioup I and 5 dogs in Gioup III died aftei the 
opciatioii as a lesult of cutting thiough of the siitwies between the stomaeh and 
the diaphiagm In those dogs tho stomach was found, dilated, in the tlioiax 
These dogs haio not been included in tho tables Tho dog in Gioup I died on 
the eighth dat affci tho opeiation and did not show am csojihagitis Esoplia 
gitis simihulj did not deiclop in dogs m Gioup III 
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RESULTS 

Group I. Bcmoval of the Esophagogastric Junction .— 

Although it has been frequently found that resection of the esophagogastric 
junction is followed by esophagitis, it was thought wise to perform this procedure 
in a number of dogs in order to learn if it was possible to prevent esophagitis 
by leaving the anastomosis below the diaphragm (Fig. 1 [I,A and D]), by 



Fig. 1.—The experimental preparations used. 

Group J Resection of the esophagogastric junction with anastomosis below the dia¬ 
phragm (A and D) above the diaphragm (R) with acute esophagogastric angle (C) and with 
narrowed distal esophagus (73). 

Group II. Elimination of the acute angle. A, Resection of the fundus. B. Anastomosis 
of small upper rim of stomach to tlie fundus. 

Group III Elimination of the diaphragmatic pinchcock by division of both sides (A) or 
either side (B and C) of the phrenoesophageal ligament and reattaclunent of the diaphragm to 
the stomach at a lower level. 

Group IV Anastomosis of small upper rim of the stomach to the fundus, replacement of 
the mucosa in the upper rim of stomach and lower 1 cm. of esophagus by fundic mucosa. 
Anastomosis left in the thorax. 


forming a new sharp esophagogastric angle (Fig. 1 [I,C]), or by narrowing 
the distal part of the esophagus to half its cii’cumferenee (Fig. 1 [I,D]). In 
6 dogs the anastomosis was left above the diaphragm (Fig. 1 [T,B]). An acute 
angle was produced by suturing the fundus to tlie esophagus and in some 
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animals by fixing the angle bj' means of a band of fascia, attached to the 
diaphragm. The distal part of the esophagus was narrowed by excision of a 
triangular portion of the esophageal wall. 

Esophagitis developed in all animals in this group (Pig. 2). It appears 
that the most severe degree of c.sophagitis developed in the shortest time in the 
dogs in which a new angle was made and in which the greatest part of the 
stomaeh was above the diaphragm (Table I). 


Conclusion: An acute esophagogastric angle and the diaphragmatic pinch- 
cock cannot prevent esophagitis after removal of the esophagogastric iunction 






Fig. 2 .—Specimen of stomach and esophagus of Doe No. H in Gioup l.C. The esoptiagu'? 
shous markeii esophagitis ^Mth ulceration. 

Group II. Elimination of the Acute Esophagogastric Angle .— 

The esophagogastric angle was made obtuse in two wa.vs to evaluate the 
importance of a sharp esophagogastric angle in the prevention of reflux. In 
some dogs the fundus was removed (Pig. 1 {II,A]). In the other dogs the 
stomach was transected 2 cm. below the gastroesophageal junction, and subse- 
quentlj- the proximal portion was anastomosed to the fundus (Pig. 1 [II,B]). 
Esophagitis did not develop in any of the dogs submitted to this procedure 
(Table II; Figs. 3 and 4,a). 
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Table II. Elijiination op Acute Esophagogastric Angles’* 


_ PROCEDURE 

II,A Resection of fundus 
of stomach 


II,B Anastomosis of 
small uppei rim of 
stomach to the fundus 

♦See also Fig- 1 



INITIAL 

KlhlXDj 


ESOPHAGITLS, 

AFTER 

DOG 

AFTER DAYS 

DAYS 


19 

20 
21 
22 


250 

144 

78 

78 


23 

24 


229 

194 


25 

26 


188 

287 


riNDINGS AT 
NECROPSY 

No esophagitis 
No esophagitis 
No esophagitis 
No esophagitis 

No esophagitis 
No esophagitis 
No esophagitis 
No esojihagitis 


Conclusion: An acute esophagogastric angle is not necessary to prevent 
reflux esophagitis in clogs. 



Pijr 3._specimen of stomach and esophagus of Dog No. 20 in Group II,A No esophagitis 
■a as found after resection of the fundus of the stomach n. Stomach incised but unopened 
h. Stomach and esophagus opened 


Group III. Elimination of the Eiaphragniatic Pinchcoch.— 

The diaphragmatic pinchcock ivas removed by division of both sides of the 
phrenoesophageal ligament in some dogs (Fig. 1 [III,A]), only the left in 
others (Fig. 1 [III,B]) and only the right side of this ligament in others (Fig. 
1 [III,C]). In all, the stomach was placed in the thorax for a distance of 
about 3 or 4 cm. and the diaphragm was attached to it in the new position. 
Care was taken to leave a wide communication between the supradiaphragmatic 
and infra diaphragmatic portion of the stomach. The different procedures to 
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Table III. Elimination op DiAPimAOMATio Pinciicock* 



I 

INITIAL 

KILLEP, 



1 

ESOniAGlTIS, 

AFTER 

FINDINGS AT 

I’ROCEDUKE 

1 DOG 

AFTER DAYS 

DAYS 

NECROPSY 


III,A Both sides of 
phrcnoe.soplmpcal ligR- 
niciit fittaclied to 
stonj.u’h 

2S _ 

29 _ 

30 _ 

2*^2 

83 

61 

59 

No esophagitis 
No esophagitis 
No ('‘iophagitis 
No ('sophngitis 

III,B Only left side of 

31 .. . 

117 

No esopliagitis 
No esophagitis 

plircnoosoplmgcal ligR- 

32 _ 

105 

ment fittaclied to 

33 _ 

103 

No esophagitis 

stomach 

34 _ 

89 

No csopliagitis 


35 _ 

74 

No e.sopliagitis 


36 

87 

No esophagitis 

IIIjC Only right side of 




phrcnoesopliageul liga¬ 
ment attached to 

37 . 

96 

No esopliagitis 

stomach 

38 _ 

96 

No esophagitis 

•See also Fip. 1. 





O 


specimen of stonmcli nnd e«»ophai?us of Dog- Mo. So in Group II. B. No 
csopimiritis was found after transpo.sjtfon of a small upper rim of stomach to the fundus. 
o, bpecmien of stomacli and esophasrus of Doff No. 30 of Group III, A. Formation of a partial 
tlioracic stomach was not followed by csophaffitis. 

obviate file diapliragmatic pUichcaek ivore done because Guiseffi and associates’'' 
in lliis iaboratory found marked esophagitis wlien tliey removed flic muscle of 
the left portion of the right crus of the diaphragm. 
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Esophagitis did not develop in the dogs in tlie present study (Table III: 
Pig. 4,6). 

Conclusion: The diaphragmatic pineheock is not an essential mechanism 
for the prevention of reflux esophagitis in dogs. 

Groui? Elimination of the Mucosal Rosette in Addition to the Acute 
Esophagogastric Angle and Diaphragmatic Ptnchcock .— 

The stomach was cut 2 cm. below the esophagogastric junction and the 
mucosa in the small rim of stomach was removed, together Avith the mucosa of 
the distal 1 cm. of esophagus. This gastric rim was anastomosed to the fundus 



Fig 5.—Specimen of stomach and esopliagus of Dog No 41 of Grow IV No esophagitis 
^^as found wheA a small upper nm of stomach aas anastomosed to the fundus, the mucosa of 
the upper run of stomach and 1 cm of esophagus ^\ere replaced by fundic mucosa and the 
anastomosis Mas left in the thoiax. 

Table IV. Elimination op Mucosal Valve ob Bosette in Addition to Acute Esophago- 
GASTRic Angle and Diaphragmatic Pinchcock*' 


1 

1 

INITIAL 

KILLED, 



j 

esophagitis, j 

AFTER ! 

FINDINGS AT 

procedure I 

DOG 

AFTER PAYS j 

DAYS 

NECROPSY 


Anastomosis of small up¬ 
per rim of stomach to 
fundus, replacing 
mucosa by fundic 
mucosa, anastomosis 
above the diaphragm 


39 


83 

No esophagitis 

40 


78 

No esophagitis 

41 


75 

No esophagitis 

42 


70 

No esophagitis 


*See also Fig 1 
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m siieli a uai tliat mucosa fiom that pait of tlie stomach loplaced the mucosa 
piOMOush iemo\ed T)ie anastomosis uas ]eft 4 cm aboie the diaphiagm 
(Pig 1 [IV]) Esophagitis did not dmelop in these dogs (Table IV, Pig 5) 

Conchmon The acute esophagogastiie angle, the diaphiagmatio pinchcocb, 
and .1 specific mucosal sahe oi losette aie not essential to pieient esophagitis 
in dogs An intiinsic spliinetei mechanism in the legioii of the esophagogastiie 
pinetion Mas the onh possible iiieehanism nhieh pieiented esophagitis in this 
gionp 

coMtrFNr 

The acute esophagogastiie angle, maintained In the diaphiagm, nas thought 
to plai an inipoitant lole in the pieicntion of lefliiv In Jlaichand,*’ uho 
deinonstintcd that the piessiiie neeessaij to foice fluids fiom the esophagus into 
the stomaeli i\as iiiiieh less than that necessaii to foice it m the opposite diiec 
tion The impoitanee of the oblique entn ot the esophagus into the stomach 
also lias cmphasii'ed hi Allison > Saiage'“ found esophagitis in dogs in uhicli 
he had lemoicd the fundus of the stomach Iloueiei, Hoag and associates'' 
found that as long as a small urn of stomach was loft distal to an intact esophago 
gastiic junction, paifial leseetion of the stomach i\as not followed hj esopha 
gitis, 01 on though the acute gasttoesophageal angle was eliminated Oui findings 
aie 111 keeping with those of those lattei woikcis The acute esophagogastiie 
angle does not appeal necessnii foi the pieicntion of icflii\ m the dog 

The impoitnncc of the diaphiagmatic pineheoeK meehamsin in the pioien 
tion of ieflu\ has been stiessed hi Jackson'" and Allison,' among otheis Pre 
nous woik fiom this lahoiatoii In Biaasch and one of us (Ellis)'* discounted 
the impoitanoo ot this mechanism, at least m dogs Tliei cieafed an abdominal 
esophagus in dogs hi delating the hiatus to a point 2 to 3 cm aboie the 
gasti oesophageal junction Esophagitis did not deielop in the animals, whieli 
suggested that something otlici than the diaphiagm piotected the distal pait of 
the esophagus against ieflu\ in these dogs Fiiesen and Millei® hi passed the 
esophagogastiie junction in dogs, leaiiiig the esophageal stump eifliei ahoie or 
below the diaphiagm In then dogs, esophagitis deieloped ahoie the esophago 
gastiie anastomosis, hut the esophageal stump lemained entiieli fiee fiom 
disease The same aiithois showed that foimation of a paitial thoiacic stomach 
in dogs was followed hj esophagitis oiili when the liiatns was made leii naiiow 
When esophagitis occuiied it was aceompanied hj gastiitis in the supradia 
phiagmatie poition of the stomach It would appeal fiom then expeiinients 
that neithei an acute esophagogastiie angle noi the diaphiagmatic pinchcock 
IS neeessaij to pieient esophagitis in dogs The lesults of oiii owm cxpeiimcnts 
confiim these findings 

Giiisefifi and associates,'” howeiei, did find esophagitis in dogs in which the 
phienoesophageal ligament was not dnidcd hut in which the muscle bundle of 
the left side of the light diaphiagmatic cius was lemoied In oui e\poiiments 
in which the phi enoesophageal ligament was cut and the diaphiagm was at 
tached to the stomach at a lowei lead, esophagitis d ’ * de\" ^ attempt 
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was made to prevent obstruction of the supradiaphragmatic gastric pouch in 
our experiments, and this may account for the findings which differ from tliose 
of Guiseffi and associates. 

Nauta^^ studied the movements of the esopiiagiis by means of roentgen 
cinematography and by observing the eardia through a gastric fistula. He did 
not find any sphincterlike action in the distal part of the esophagus and con¬ 
cluded that the closure of the eardia is formed bj’’ a rosette of stomach mucosal 
folds, supported Ijy a valvular mechanism as a result of the oblique entry of the 
esophagus into the stomach. On the other hand, Cohn and Magladry® removed 
the mucosa of 3 to 4 cm. of the distal part of the esophagus and covered the 
defect with gastric mucosa, bi'ought up by submucous dissection. Esophagitis 
did not develop. These workers concluded that the mucosal rosette at the 
esophagogastric junction is not responsible for the prevention of reflux as 
long as the angle of entrance of the esophagus into the stomach is preserved. 

The results of our experiments show that it is possible to remove the 
diaphragmatic pinehcoek, to make the gastroesophageal angle obtuse and, in 
addition, to replace the mucosa at the gastroesophageal junction without the 
development of esophagitis. We therefore must conclude that an intrinsic 
mechanism, a .sphincter, must be responsible for the remarkable fact that 
esophagitis was not found in any dog in our experiments unless the esophago¬ 
gastric jxmetion had been removed. Although most anatomists did not find a 
definite sphincter cardiac, Fyke and associates” and Atkinson and associates,® 
using the technique of intraluminal measurements of pressure, demonstrated the 
presence of a definite sphinctoric mechanism at the esophagogastric junction in 
healthy persons. This mechanism recently has been demonstrated also in dogs.^® 
Braaseh and one of us (Ellis),^ and Braekney and associates® .showed that a long 
n.., otomy through the muscles of the esophagus and eardia may be followed by 
esophagitis in dogs. Presumably in these experiments the esophageal sphincter 
was completely divided. 

Care should be exercised in applyijig the results of animal experiments to 
human beings. These experimental results, which emphasize an intrinsic 
sphincter mechanism as the important factor in the prevention of reflux, may 
seem at first glaiice to be at variance with clinical experience. The occurrence 
of esophagitis in patients with sliding esophageal hiatal hernia in whom, pre¬ 
sumably, the intrinsic sphincter remains iiitact is well known. W^e share the 
opinion of Effler and Groves' on this problem, namely, that the diaphragm, 
placed in a position in which it can impair the passage of gastric contents be¬ 
tween the supradiaphragmatic and infradiaphragmatic paits of the stomach, 
may lead to esophagitis in the presence of sliding hernia. Ftiitherniore, Atkin¬ 
son and his associates® have demonsti’ated, bj’’ studies of esophageal motilitj, a 
definite correlation between the height of the pressure barrier at the esophago¬ 
gastric jiinetion and the presence or absence of symptoms of reflux in patients 
with hiatus hernia. They concluded that the tone of the intrinsic sphincter is 
of cardinal importance in prcAmiiting refltix under these circumstances. 
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SUMM\R\ 

Evpeiiments \\eie oniiied out m dogs to imcstigate tlie mecJianism -whicli 
pje\ents ieflu\ esophagitis It was found that lescction of tlie esophagogastiic 
pinetion was followed ])> esophagitis in e^en instance Esophagitis was not 
ple^ented when the anastomosis was hi ought liclow the diaphiagin, when the 
esophagus was nan owed, oi when an acute angle was eieated between the 
esopliagiis and the stomach 

Esophagitis did not deielop when tie acute esophagogastiic angle was 
eliminated, the diaphiagmatic pineheoeK was icmoicd and the mucosa at the 
esophagogastiic junction was leplaccd In fiindie miieosn It was concluded that 
a plusiologic, it not an anatomic sphinctci must lesidc in the icgion of the 
esoi)hagog«istiic pinetion, independent of the dupluagm the acuteness of the 
esophagogastiic angle and a specific mucosal ^al^e oi loscttc The spliinctei 
was found to he oapahlc of pio\enting osoiihagitis in dogs iindei the conditions 
of these expenmeuts 
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MULTIPLE PRIMARY CANCER OF THE LUNG 


C. L. N. Robinson, F.R.C.S.(C), F.R.C.S.,* and C. A. Jackson, 

F.R.C.S., London, England 

T his study presents 9 cases of dual primary cancer of the Inng seen in a 
series of 500 eases of bronchial carcinoma at one Thoracic Surgical Unit. 
Multiple primary tumors of the lung have not been widely recognized or re¬ 
ported in the literature, yet with the gradual acceptance of air pollution and 
smoking as causative factors in the etiology of this disease, it is not surprising 
that multiple sites of origin should occur. As pulmonary cancer is now the 
commonest male cancer, its appearance in two lungs or twice in one lung might 
be expected. 

Billroth^ first drew attention to multiple primary malignant neoplasms at 
several sites, but his criteria of multiple malignancy were stringent and could 
not be applied to multiple tumors in a single organ. To satisfy a diagnosis of 
multiple primary malignancy he postulated that (1) each tumor must have 
an independent histologic appeai-ance, (2) each tumor must arise in different 
situations, and (3) each tumor must produce its own metastascs. Another rule, 
that of Mercanton, can only be applied to necropsy material; if, after the re¬ 
moval of two or more tumors, no further metastases develop, each tumor may 
be considered primary. 

The criteria for diagnosing multiple primary tumors in this series have 
been macroscopic and microscopic independence. It is easy to distinguish 
macroscopic independence, but the difficulty in accepting the duality of origin 
of primary pulmonary cancer on histologic grounds depends on whether pleo- 
morphism can be excluded in serial sections of any one tumor. 

Several writers have discussed pleomorphism in bronchial carcinoma: 
Willis," reporting on 84 necropsy cases, found a combined histologic pattern in 
23 per cent or, conversely, an homogeneous pattern in 77 per cent; in 53 per 
cent of the cases of McGrath and others,^’ the tumor contained from 2 to 5 
different histologic patterns, arranged in such a manner as to suggest initial 
independence and ultimate fusion—he concluded that neoplasms arose from 
more than one site and clinical recognition did not occur till coalescence of 
independent growths had been completed. 

From the Thoracic Surftical Unit, St Charles’ Hospital, Ladbroke Grove. London.W.lO, 
England. 

Head at the Annual meeting of the Society of Thoracic Surgeons of Great Britain, 
November, 1957. 

Received for publication Feb. 13, 1958. 

‘Present address; Harefleld Hospital, Harefleld, Middlesex, England. 
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More recently, Irowcvcv, IValter and Prycc*- “ have cleaved the problem 
of i)]comorpln,sin in bronchial carcinoma—while some cases presented a com¬ 
plex liistologic pictui'c, by adhering to established criteria and examining 
numerous blocks from lai'gc tumors, they were able to classifj- all growths in 
their series into 5 t.vpes' oat cell, squamous cell, adenoeareinoma, polygonal 
cell carcinoma and a single rare type of metastasizing adenoma. Secondary 
changes such as srpiamous metaiilasia, clear cell formation, and giant cell 
formation could be leeognized as .such in individual tumors, but did not 
obviate a classification into a .single cell tj'pc. 



FiET I.—Cape 2. RoentaenoKram sliowlne ca'ltatotl legion in tlie rinlit upper lobe Cue 
to oat cell carcinoma .and segmental shadow m tlic left posterior basal segment due to 
squamous cell carcinoma. 

Tile histologic specimens in this series have been studied by three inde¬ 
pendent pathologists and have been considered to be sufficieutly diverse as to 
represent dual primaiy cancer. The two primary cancers presented simul¬ 
taneously in 8 patients, and in 1 the second developed 5 years after a picsumed 
cure of a contralateral primary tiiinor by loiicctomy. In 4 cases, the tumors 
were on the same side, and in 5 cases in opposite lungs. All the patients were 
males. 

CASE REPORTS 

Case 1.—^A. H., aged 51, complaineil of recurrent slauiing o£ sputum nnd left rfiost pain. 
Tlie admission radiograph showed partial deflatiou of the left lower lobe. Ilronchoscopi 
showed an abnormal appearance in both lower lobe liroachi, coiisisUng of edematous mucosa 
and nodular granulations. The biopsy fragment from the rorl. ‘ sh ^^uamous- 
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metaplasia, suggestive of neoplasm, and the left was nonnal. ’With t;eatment, the left side 
oleaied but the light loner lobe shoued partial deflation. A second bronchoscopy slioued 
appearances similar to the pievions one, with less inflammation. The biopsy from the left 
contained areas of oat cell carcinoma, and fiom the right, areas of inflammation and small 
fragments of giowth. Aftei consultation with several pathologists, it nas agieed that a 


Fig. 2, 
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Fig 3. 

Fig. 2 —Case 3. Photomicrograpli of left upper 

Fig. 3 —Case 3. Photomicrograph of squamous cell tumor 


(X103 ) 
(X103 ) 
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diagnosis of Iiihternl carcinoma i\ns unliKolj, md that tlic probable diagnosis nas squamous 
mctaplnsni, associated Mitli chronic inflammation 11ns piticnt nas returned to the care 
of his J)h^slcmn, and died one ^car later Necropsy revealed a Urge oat cell carcinoma of the 
left louer lobe uhile on the right side i snull iiodul ir squamous cell tumor partially obstructed 
the Inonclius 

C\SL 2—\\ C, aged 55, complained of cough and green sputum, hemoptysis on one 
occasion, and loss ot weight A radiograph (Fig 1) showed a cavitv in the right upper 
lobe and deflation of the posterior bisal sigment of the left lower lobe Initiallj he had 
been treated with antitubeieulous drugs After a month he had a massive hemopt 3 Sis 
requmng transfusion, and there was no radiological improvement—he was then treated as 
lor an nb^.ces*. of the right upper lobe with spill over into the left lower lobe Broncl oscopv 



Fiff 4—Case 4 Half lung section shows large tumor of left upiier lobe (oat cell t>pe) and 
snialler tumor In left lower lobe (squamous coll tjpe) 

a month later showed slight narrowing of the loft lower lol e bronchus, the mucosa of which 
bled easily Blind biopsies were tal cn from the postinor bisal segment and from a bleeding 
right upper lobe The histologic appearance of tlie tissue from tlie left lov\cr lobe was that 
of squamous cell carcinoma and from the right upper lobe, oat cell carcinoma 
He had a course of deep a. ra) therapv but he died a vear later 

CvSE 3—B C, aged 57, was admitted with a histon of bloodstained m once 
and a cough for a month A radiograph showed peripheral slndnvvs "t and**" 
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metaplasia, suggestive of Jieoplasm, and tlie left was normal. AVitk treatment, tlie left side 
cleared but the right lower lobe showed partial deflation. A second bronchoscopy showed 
appearances similar to the previous one, with less inflammation. The biopsy from the left 
contained areas of oat cell carcinoma, and from the right, areas of inflammation and small 
fragments of growth. After consultation with several pathologists, it was agreed that a 


Fig. 2. 



Fig. 3. 

Fig. 2.~Case 3. Photomicrograph of left upper lobe tumor shows larp 

Fig. 3.—Case 3. Photomicrograph of squamoxis cell tumor of left lower lobe. (X 
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diagnosis of bilateral carcinoma A\as unlikely, and that the probable diagnosis •v^as squamous 
metaplasia, associated ^^itll chronic inflammation. This patient ^^as leturiicd to the care 
of liis physician, and died one year later. Necropsy revealed a large oat cell carcinoma of the 
left lower lobe while on the right side a small nodular squamous cell tumor partially obstructed 
the bronchus. 

Care 2.—W. C., aged 55, complained of cough and green sputum, hemoptysis on one 
occasion, and loss of weight. A radiograph (Fig. 1) .showed a cavity in the right upper 
lobe and deflation of 'the posterior Imsal segment of tlie left lowci lobe. Initially he had 
been treated with antituberculous drugs. After a montli he had a massive hemoptysis 
requiring transfusion, and there was no radiological improvement—he was then treated as 
for an abscess of the right upper lobe with spill over into the left lower lobe. Bronchoscopy 



Fiff. 4 —Case 4 Half-lung' .section shows large tumor of left upper lobe (oat cell type) and 
smaller tumor In left lower lobe (squamous cell t>pc). 

a montli Inter sliow'od slight nan owing of the left lower lobe bronclms, the mucosa of wJiicIi 
bled easily. Blind biopsie.s were taken from the posterior basal segment and from a bleeding 
right upper lobe. The histologic appeainnce of the tissue from tJie left low’cr Jobe was that 
of squamous cell carcinoma, and from the right upper lobe, oat cell carcinoma. 

He had a course of deep x raj tlioiapj* but he died a j ear later. 

Case 3.—B. C., aged 57, was admitted with a history of blood-stained sputum once 
and a cough for a montli. A radiognaph showed peripheral shadows in the left upper lobe and 
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left lower lobe. Bronchoscopy showed concentric narrowing of the left lower lolje bronelius, 
hut the biopsy was negative. A left pneumonectomy was performed. Hi.stologic studie.s 
revealed an oat cell carcinoma of tlie left upper lobe (Fig. 2) and a keratinizing squamous 
carcinoma of tlie left lower lobe (Fig. 3) witJi cxten.sive involvement of lymph nodes. 

This man died 2 years later of a recurrence. 

Case 4. —^H. B., aged 55, complained of a dry cough for 6 months. A radiograph showed 
a large ill-defined opacity in the left upper lobe. Bronchoscopy was normal. A broncho- 
gram showed an irregular rattail obstruction of the apicoposterior segment of the left 
upper lobe and a filling defect of the upper bianeh of the apical segment of the left lowmr 
lobe. A left pneumonectomy was performed. There was a large tumor in the upper lobe 
and a smaller tumor in the lower lobe (Fig. 4). Hi.stologic study revealed the former to be 
of an oat cell type, and the latter to be squamous cell in type. He made a satisfaetori 
early recovery, but died 2 months later of liver metastases. 



Pig- _ Case 7 Cliest radiograph sliow's bilateral iiiiar sliadows with a more peripheral 

shadow in the right upper lobe. 

Case 5.~A. K., aged G2, complained of dyspnea on e.xertion and tightness across the 
chest. A radiograph showed two peripheral shadows, seen best in the lateral film, one in 
the lingula and the other in the posterior basal segment of the lower lobe. Bronchoscopy 
was negative. A left imeumonectomy was performed easily. The lingular tumor was 
squamous in type, and the other oat cell in type. The patient is well and working. 

Case 6.~W S. aged 46, was admitted with a small peripheral shadow in the right 
lower lobe for which a lower lobectomy was performed. The histologic appearance was that 
of a polygonal cell carcinoma. He remained in good health for over 5 years, when he de¬ 
veloped sudden precordial pain and shock. A radiograph showed a segmental lesion 
in the left upper lobe. He died primarily from cardiac infarction, but a necropsy showed 
a pleomorphic carcinoma of the left upper lobe which was basically adenocarcinoma, w ith 
extensive invasion of lymph nodes, and metastases in the brain and kidnej s. 
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Case 7.—L. aged 64, complained of dyspnea on exertion and chest tightne'^s. A 

radiograph showed hilar shadows in both upper lobes (Fig. 5). He collapsed and died 
.suddenly before investigations were completed. Ncc:opsj* revealed a recent cardiac in¬ 
farction, an oat coll carcinoma of the right upper lobe bronchus and a peripheral necrotic 
squamous carcinoma in the loft upper lobe with extensive liver metastascs. 

Case 8.—H. D,, aged 62, complained of lo'^s of weight and left infrnmaminary pain on 
exertion, A radiograph showed shadow’s in the left uppci lobe and the left lower lobe (Fig. 
(>). Bronchoscopv revealed growth protruding from the apicoposterior .segment of the left 
upper lobe and narrowing of the left low’or lobe bronchus. A palliative pneumonectomy 
was accomplished with diiliculty. The upper lobe lesion was an oat cell tumor and the 
lower lobe contained an adenocarcinoma. He is at present well and working, 6 months 
after operation. 



Fig. 6.—Case 8 Chest ratliograpli shows 
to adcnoc.'ircinonia and a central lesion in tho 
an oat cell tumor. 


a pciipheral lesion in the left lower lobe due 
left uppci lobe with distal infiltration due to 


Case 9,—A. J. R,, aged 80, was admitted in extroniiH and died tlic same day. A necropsy 
.sliowed emphyspjim and bronchitis, with an oat cell caieinoma of the posterior basal segmont 
of till* right lower lobe, and a squamous caicinonia of the apical s(*gment of the left upper 
lobe. 


DISCUSSION 

Dual carcinomata in other single organs (breast, colon, te.stis) have been 
occasionally reported. The incidence of multiple malign,ancy affecting all sites 
was estimated by AVan-en and Gates® as 1,84 per cent. This percentage re¬ 
sulted from analj’zing several reported series, inchuling surgical and necropS3' 
material, and finding 546 satisfaetoiy cases in 29,i40 studied. AVhen smaller 
series were examined (less than 500 cases) the incidence varied between 0.5 
per cent and 4.3 per cent. Our 9 cases occurred in a series of'500 prjji^ 


INTRATHORACIC PHEOCHROMOCYTOMA 


Dino Pam pari, ALD.,* and Chiara Lacerenza, ALD.,*^ 

Reggio Emilia, Italy 

' I ' FIRST case of pheoehi'oiiioeytoma successfully opei’ated was reported 
J. by C. H. j\Ia 3 ’’o in 1927/ and the first correct preoperative diagnosis was 
made by Pincoffs,” in 1929. In Italy, operated cases have been reported bj^ 
Giovanni Porni,^ Valdoni."' Painpai-i,® Pettinari,® Ferrandu,® Calzolaii,® 
Ceecarelli,® Fasiani," Mauri," Bianealana (2 cases),® and Paolueci.® This multi¬ 
plication of observations is uudoubtedlj’" attilbutable not so much to a real 
increase in the incidence of this tumor as to a more precise and enlarged 
knowledge of the disease, and even more to numerous pharmacologic tests 
which, since 1945, have been made available for the diagnosis of pheochromo- 
cytoma. Kvalc and co-workers*® reported recently that in the course of the 
last 11 years in the JMayo Clinic, 7,933 patients with hypertension have been 
submitted to phaianaeologic tests and to the estimation of the urinary catechol¬ 
amines, and these examinations permitted the exact diagnosis of 51 cases of 
pheocliromoeytoma. Numerous cases have been incidentally discovered in the 
course of a bilateral s.ympathectomy performed for hypertension. According to 
Graham,“ in his over-all review of pheocliromoeytoma, Smithwick, in the course 
of 1,700 sympathectomies, has discovered 7 cases of pheochromocytoma. It 
Avould appear that, if all patients with hypertension in whom pheochromocy¬ 
toma may be suspected were submitted systematically to pharmacologic tests, the 
identification of this tumor could be made much more frequently. 

For the pharmacologic test, we possess various substances, some of which 
are particularly suitable for the study of pheocliromoeytoma which cause a 
persistent hypertension, others more suited for the study of patients in whom 
the tumor provokes a paroxysmal hypertension. Among the former is phen- 
tolamine, or Regitine (Grimson, Longino, Kcrnodle, and O’ReaF- and Gifford, 
Roth, and Kvale'®) and piperoxaii, or benzodio.xane (Goldenberg, Snyder, and 
Aranow^G) which block the hypertensive effect of noradrenalin and epinephrine. 
Among the latter there is histamine (Roth and Kvale^®), tetraethylammonium 
bromide (La Due, Murison, and Pacld«), and methacholine chloride, or Mecholyl 
(Guarnieri and Evans^O, which cause a brusque influx in the circulation of 
norepinephrine and epinephrine. 

P'roni the Surgrical Department of the Arcispedale S, Maria N’uova, Reggio Emilia, Italj. 
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To these tests should be added the estimation ot the itimary piesstire amines 
which has been reeeiitl.v intiodnccd and which will show' itself of paitienlai 
meiit, hut is technically %'ciy complex Aecoiding to Euler and Fiodiiift,’" 
the seeiction of noiadienalui, which in noinial subjects reaches 20 to 40 meg 
in 24 houi-s, exceeds 100 to 200 meg. in patients suffciing fioui aetise jihe- 
ochiomoeytoma. Loss constant and less conspicuous is the incicaso m opinephimo 
secietion 

Such diagnostic means, having leiideicd the diagnosis of pheochiomo- 
c.vtoma less difficult, liaie emphasised the difficulties inheient in the attempt 
at loealiration of the tunioi For establishing the site of the tumor, reeotiise 
has been had fiom the heginiiiiig to uiogiaphy, to renal pncnmogiaphy, and 
to retiopneiimopcritoncum Recently, siiigcoiis haie tended to apply rotiopnoii- 
inopeiitoneum less and loss fioqucntly which, apait fiom its notable dangers, 
may gi\e uiieeitam ot fallacious icsiilts They have limited themselves to 
a radiologic examination of the empty abdomen and to a uiogiam, and extended 
the siitgieal cxploiation in a systematic waj to both sites of the hidiieys which 
they appioach bj’ the tianspeiitoneal loiitc (ICxale, Roth, Jfanger, and 
Piicstlev’'’). 

Such difficulties do not, howcicr, beset the intiathoiacic locali/afion of 
the growth xvhich is leally the latest of all and easily icicalcd by ladiologic 
examination Jt is the aim of this papci to describe a case of an intiathoratic 
pheocluomoejtoma (the sexeiith in the world litoiatuie) which had been 
diagnosed by ms bofotc the opeiatioii and in xvhieh the patient was then oper¬ 
ated upon w ith full success 


CASE nPPOBT 

V 0, (i-t jears oltl, was transferred to our deparlment with fhe diagno-is of a ueu 
rogenic tumor of the posterior 

For a ^ear he hail notice*! a jirowing T^thenia, a \ague Tetroatcraal pjin, and ^I\^p^pa 
on exertion His ‘•leep became irrepular, and often he aou/d W d'-maftn during tfc-* 
night )n anxietx, puUating headache, aud profuse perspiration. Jr> ho^U nr-i^ht Is; 
undergone a notable reduction 

Examination re\eale(l the ob'iou« signs of arteriocrle-!;-- frsdrrirdia (Ci rc--^ 
beats per minute), and per^sistent Inperteii‘=ion, lSO/320 nirz. Bz- Tff‘ eleftrof-ar-iu— 
confirmed a sinus bradycardia and ‘'iff"*' of left oxerhahtz. hhoratorv r-- 
normal E\e examination showed a li'perten&ne neuroreanu of —eoad 

Radiography of the thorax revealed the presence of a-a'- -raJ r-a** of L- — 
density the size of half a maniHnn orange situate*! a : * 

adjacent to the spienth and eighth tho^cic vertebrae r* '■I 1 & ^ 

a proce'-s of erosion and conipre'>”'ion *c ower edge 

of the mediastinal pleura The sJmdom of the heart ' 

tile left ventricle, and the o t p nor a were 

The arterial Wood prc<-urp tihon during one 
an increase to 2J0 mm Hit, nnd. th«*>, the pre-fr,*, ^ 

TOspcctcd Thereupon the te-t aith Kegitine nas„-_ „ 

On April 17, haring tahen all Pieeautioar - 
blood pre,-urc, an anterolateral Ihoracotomr _ 

rib Tho tumor wn- corered hy the u.ed.a.mi.t - ^ 
of the .seventh and eighth rertebrae __ 

ta.*culan^ed After U** amoral (T,g , _ 


-'i (fig-. I s-1 - ^ 


- & Jr t* 'Zr'*' 
■ 'BT'*- * 
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« small oval mass projecting from the 

steroanterior roentgenogram^of^chest^ Vhadow. 
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followed an anxious altcrnatiou of improving and worsening of tlie heart action, wJiich 
lasted for 1 hour and, at certain moments, required cardisic massage. After a trans¬ 
fusion of 1,800 c.c. of blood, introduced under pressure, and several administrations of 
Ijcvophed, it was pob&ihle to raise the blood pressuie fo about 00 nim. Hg and eventually 
to bring about hemostasis. The opeiation la.sted holIr^ (Fig. 5). Undoubtedly, the 
cardiovascular symptoms produced by removal of the tumor were aggiavnted by the loss 



Fjff 3.—Chanffe.s In blood pressure ro.siiUlnc' from the intravenous administration of Regltine 

(5 niff.). 



—Tile patlioloirlc specitnon. 

of blood amounting to about 1,200 c.c. and by the arteriosclerosis. The blood pressure 
reached 120 mm. Hg in the afternoon and, in the following dava, became stabilized around 
140 mm. Hg. After 3 months, the blood pressure was maintained at 140 to 14,I mm. 

Histologic examination of the tumor showed the neoplastic tissue 
a capsular sheath of sclerosed-hyalescent structure with sparse ce'*' 



Blood pressure 
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Blood transf. 1800 cc 



Fig^ 5 .—Changes in blood pressure 


during the operation. 
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Fie 6.—Photomicrograph of phoochromocjtoma The characteristic arramrcmcnt of 
tumor cells In lobules separated by capillaries is shonn. 

Fig 7.—The chromaflln reaction (Bodlan method). 
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traversed by vessels of indifferent aspect. The tumor tissue consisted of a collagenous 
stroma of variable development which, in some places, assumed a sclerosed and denser 
character, while in others it appeared quite scarce. The neoplastic cells which were 
arranged in columns or in alveolar formations, greatly differing in their size and shape, 
had a roundish or polygonal form and thin clear, slightly acidophilic cytoplasm, and indis¬ 
tinct contours. The nuclei had a rather rarefied chromatin network. Among these cells 
there could be discerned some which were conspicuous by their dimensions, and bv their 
monstrous and gigantic appearance. Between the cell columns ran numerous capillary 
vessels which, in places, had an inspissated hyalinized wall with hypertrophic proliferating 
endothelial cells. In some zones extensive hemorrhagic infiltrations were visible. In a 
large area of the sections the presence of cartilaginous and bonelike tissue could be 
observed, consisting of inspissated lamellae and narrowed medullary lacunae. These tissues 
were, where they bordered the neoplasm, penetrated by neoplastic cells. The morphologic 
characteristics of the neoplastic cells, their arrangement in rows and alveoli, their intimate 
relation to capillaries, their similarity with medullary cells of the suprarenal glands the 
presence of a capsule delimiting the growth, the benign morphologic aspect and clinical 
behavior of the tumor as well as its biologic behavior as a functioning growth, justified 
the diagnosis of pheochromocytoma (Fig. C), The diagnosis was subsequently confirmed by 
the demonstration of the chromaffin reaction obtained with the method of Bodian (Fig. 7) 
(Professor Bini, Director of the Pathological Institute of the University in Parma). 

Ill the literature there are 6 described cases of iiitrathoracic iiheochronio- 
eytonia; 3 ivere found at necropsy while, in the remainder, the patients were 
successfullj’^ operated upon (Table I). 

Table I 


PERSISTEN’T PAROXYSXLiL 
AGE HYPER- HYPER- 

ACTHORS SEX (Y'EARS) LOCATION’ TENSION’ TENSION RESULT 

A. Cases of Iiitrathoracic Pheochromocytoma Diagnosed at Autopsy 

1. Miller (1924) F 39 Eight ? ? 

2. Philips (1940) M 39 Left - Yes 

3. Wahl and 
Eobinson 

(1943)^ M 4 Left ? ? 

B. Cases of Iiitrathoracic Pheochromocytoma Itemoved hy Operation 

1. Maier (1949) M 25 Left Yes - Kecovered 

2. Overholt, 

Eamsav, and 

Meissner (1950) M 16 Left Normotensive Kecovered 

3. Silvestrini, 

Genesi, 

.Sachsel, and 

Costa (1957) t P 39 ~ Yes Kecovered 

4. Pampari and 
Lacerenza 

(1957) M 64 _ Eight _~_ Kecovered 

*SympatIio^onioma with mixed neuroblastic and plieochromohlastic eiements. diffusely 
metastasized. Pheochromoblastic elements were present only in the primary growth. 
tOperated upon by Fasiani. 

SUIIAIARY 

In every case of a iiosterior mediastinal tumor, associated with persistent 
or intermittent hj’pertension, the possibility of a pheochromocytoma should 
be kept in mind and the appropriate pharmacologic tests carried out to deter¬ 
mine the diagnosis. 
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PERIPHERAL LYMPHANGIOMA OF THE LUNG 

F. G. Stephens, M.D.,* S. Roberts, Al.D.,** and 
AI. W. IF olcott, AI.D.,*** Augusta, Ga. 

I N 1952, Worn‘ described a “cystic lymphangioma’’ within the pulmonary 
parenchyma and, in 1955, Giammalvo“ presented a case of congenital 
lyinphangiomatosis of the lung. We will present a third case of this rather 
rare lesion as illustrative of another ty])e of solitary nodule to be considered 
in a differential diagnosis of single peripheral lesions of the lung. 

REPORT OF A CASE 

J. M. B., a 39-yoar-old white man, was admitted to this Veterans Administration 
Hospital on Jan. 25, 1957, as a transfer patient. He had been admitted previously to an¬ 
other faeility on Sept. 11, 1951, for treatment of a duodenal ulcer, when a roentgenogram 
of the chest showed emphysematous blebs in the right apex but was otherwise normal. 
In 1956, a routine chest film (Fig. 1, hud revealed an increased den.sity, approx¬ 
imately 2.5 by 3.0 cm. in the left lung. The patient thought that he had had a slight in¬ 
crease in cough, but denied having had hemoptysis, dyspnea, fever, or weight loss. 

Physical examination, which in general was negative, revealed a well-developed 
white man without dyspnea, orthopnea, or cough. Blood pressure was 140 systolic, 90 
diastolic, pulse rate SO, and temperature was normal. 

All laboratory examinations, including an electrocardiogram, were within normal 
limits. A planigram (Fig. 1, B) showed a lesion in the left lower lung field, extending 
from 7 through 15 cm. levels, which was well circumscribed, ovoid, smooth in outline, and of 
uniform fluid den.sity. Skin tests for histoplasmosis, coccidioidomycosis, and blastomycosis 
were negative. Purified protein derivative in first strength was negative, reaction to second 
strength was 4 Bronchoscopic examination was negative. Papanicolaou smears taken 

at bronchoscopy revealed no tumor colls. After a review by the tumor board, exploratory 
tlioracotomy was recommended. 

At operation the left cliost was entered by means of fi standard posterolateral incisioji 
through the bed of the fifth rib. Near the anterior aspect of the major fissure was a cyst, 
approximately 2 cm. by 2% cm. This was in the fissure, covered by visceral pleura, but by 
palpation there appeared to be no connection with the major vascular or bronchial systems. 
Both by inspection and palpation, the entire lung and hilar area apj)cared normal. The 
cyst was readily removed by blunt and sharp dissection, without significant air leak, and 
with very little bleeding. The xdeural s^racc was drained by two catheters, followed by rou¬ 
tine closure. The postojrerative course was uneventful. 

From tlie Veterans Administration Hospital, Auffusta, Ga. 

Received for publication March 6, 1958. 

♦Chief, Laboratory Service, VA Hospital, Augusta, Ga. 

♦♦Chief, Radiology Service, VA Hospital, Augusta, Ga. 

♦♦♦Chief, Thoracic Service, VA Hospital, Augusta, Ga. Present address: Chief, Surgical 
Service, VA Hospital, Coral Gables, Fla. 


1S2 



\’c>lume 36 
Number 2 


PERIPHERAL LYMPHANGIOMA OF LUNG 


183 



A. B. 

Fig. 1.—A, Roentgenogram shows a well-circumscribed lesion In the left lower lung field, 
of uniform density, witli fine threadlike strands radiating from the periphery. B, A planlgram 
shows the lesion at the 12 centimeter level. 



Fig. 2.—Mlcro.'icopIcaUy the lesion sliowetl thin walls and cy.sllc space.s. some i 
dophillc precipitate.' 
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Pathologic examination: The entire specimen was a fluctuant thin-walled cystic mass, 
1.8 by 0.4 cm., completely encapsulated. To obviate loss of contents, the specimen was 
embedded without sectioning. Microscopically (Pig. 2), the periphery was composed of loose 
connective tissue. Irregular trabeculae extended from tliis and interlaced within the mass. 
These trabeculae were lined by flattened cells. The spaces between the strands were ir¬ 
regular and often contained an eosinophilic precipitate. L 3 'mphocytes \vere noted in these 
spaces and, occasionallj', Ij-mphoej’tes and granuloej-tes occurred in small aggregates. 
Occasionallj' a small focus of lymphocj’tes was noted in the connective tissue of the walls. 


SUMiMARY 

A ease of lymphangioma of the lung is presented. This lesion may he 
due to mechanical blocking of the lymphatics with focal peripheral dilatation. 
In a young individual, a congenital defect or variation may be the pathogene¬ 
sis of the lesion. 

REFERENCES 

1. Worn V. H.: Cystisches Lymphangiom der Lunge als ITrsache eines Rezidivierenden 

’Spannungspneumothora.x, Tuberkulosearzt (Stuttgart) 6: 729-733, 1952. 

2. Giammalvo, J. T.: Congenital Lymphangiomatosis of the Lung: A Form of Cystic 

Disease, Lab. Invest. 4: 450-456, 1955. 



ANTHRACO-SILICOSIS PRESENTING AS A SOLITARY 
PULMONARY LESION 

IK Clayton Datis, yM D ,* and Wallet T Siioiv, yM D ,** Alan, W Va 

T he purpose of t]us papei is to piesent a case ot a solitan pulmonaij lesion 
clifteieiit fioni am pieiioush ciicoimtcicd bj the autliois No siiiiilai case 
has been ioiind iii the aiailablc Iifoiatmc 

CISE REPORl 

B B, a 51 jeai old «hife man, icpoitcd to the Out Patient Bopaitment of 
the Jlaii Jlemoiial Hospital uitli complaints ot ■neahness and cpi^astiic distioss 
As pait of Ills stud's, chest ladiograpbs ucic obtained and shoued a rounded 
aica of iiici eased densit 3 , 4 cm in diamctci, in the postciioi segment of the 
light iippoi lobe adjacent to the oblique fissine (Pig 1, A and 7>) Aftci suigi 
cal consultation, the patient isas admitted to the hospital foi studs regaiding 
this piilinonan lesion He gaie a Sieai histoij of an iinoluiitaii squint, en 
tiroh inteiniittent in natuie Piesioush he had been studied In a noiiiosuigeoii 
■ssho felt that the abiioimaliti could not be based on am oiganic iiouiologic 
defect Ho had had no operations oi picMoiis majoi illnesses He iioiei used 
tobacco of anv kind Theto ■was no lecent change in weight Tlicic was no 
familj' histon of malignanei B\ccpt foi the noted imolniitai' squint, the 
phjsical CNainiimtion was eiitiieh noimal 

Because of the possibiliti ot this being a piimaii oi setondaii malignant 
lesion, nuineious laboiatoii studies weic peiloimcd Complete blood count, 
iiiinahsis, seiuni bilitubiti, thiinol tuibiditi, piothiombui tune, ccphaliii floceii 
lation, soium aimlaso, glucose tolciancc, gastiic nnahsis, and nonpiotcin iiitio 
gen wore all wnthin noimal limits Radiologic studies including a gastiom 
testinal senes, ovcietou uiogiam, bone sunci, baiium enema, and gall bladdei 
1 isuali/ation woio noimal Retrogiadc piclogiam and cistoseopj weio also 
noi mal 

Because of the undiagnosed pulmoiian lesion in the postciioi segniuit oi 
the light iippei lobe bronehoscops and csploiatoii thoiacotoim wcie peifoimod 
undci gential endotiaehenl anesthesia on Juh 30, 1157 Bionchoscopi wasiioi 
mal A light postoiolateial thoiacotomj incision was made thiough the fouith 
intercostal space Numeious fibrinous adhesions weio dnided thioiighoiit the 
entiic light pleural space All stnictuics weic normal escept the light iqipei 
lobe where a lesion was noted occiipjing the cntiieti of the postciioi segment 
with fixation to the mtoilobai hssnic The pulmonan lesion was haid, multi 
locular and multiiiodulai Tlieic was pucKciing ot the -nsceial plttiia Thoie 
was a gloss appeaianee ot maligiianci A light uppei lobcetoim was peifoiined 
(Pig 2) Frozen section diagnosis was a “benign inhltrate ” Beeaiiso of an 
cxticmeh pool inteilobar fissuic and a piuposctul saeiifico of poitions oi the 
light middle lobe, a middle lobecloim was then peifoimed 

The patient made an uneientful postopeiatne recoicn and was disehaiged 
from the hospital on his seieiith postopentue dat Follow up examinations 
(Pig 3, A and B) hare been peitoimcd lie letiiined to full woik as a coal 
mmei 5 weeks aftei opeiation He toleiatcs his woik well, lepoits no dispnea, 
and has no new complaints 

From tlie ‘'/an 'feniorfaf FTospita/ Van H ''a 

Rpcoived for publication 'March I** 39 S m 

• \'!’»oclate Chief of Surijerj ^lan Afemorial Hospital Van "W 'N a 
••Chief of Radioloffj Mon JlemormI Hospital Man V "Va 
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_ Pathologic ReiJort.—Bpecimen consists of the upper lobe of the right luno 
''near its periphery, adjacent to the surface in contact ■with the 
middle lobe, a round hard lesion measuring approximately 4 by 5 cm On 
section It IS found to contain approximately 15 c.c. of fluid ivitli sniall black pai- 
ticles The cut surface is jet black and reveals an occasional small cystic space, 




yjg- 2 —View of nodule resected in right upper lobe of Case 1 


the largest measuring approximately 0.8 cm. m diameter. A large amount of 
black material is found in the bionchiis leading to the lesion The mass is 
fairly ivell circumscribed and solid. There is a line of demarcation be¬ 

tween the mass and the surrounding compressed lung. The second specimen 
consists of a resected middle lobe Near one edge, it appears more solid and 
more antliracotic than is usually encountered even in this geographic region. 
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Jlieroscopie sections reveal the solid portion of the tumor to he composed 
of connective tissue wliich is heavily pigmented tliroughout. In some areas, 
there is calcium deposited around the small cystic spaces descrihed in the gross 
examination. The walls of these spaces are composed of dense scar. In other 
areas, there are cholesterol flecks. The blood vessels remain intact in most areas. 
The Inouchi have for the most part disappeared. In the portion of the lung 
not involved in the tumor mass, there is moderate anthiacosis 

Diagnosis. —Anthiaeo-silieotie nodule, posterior segment, right upper lobe. 
Review of the slides by Dr. V. E. Martens, Director of Laboiatorics, National 
Naval Medical Center, was reported as showing black anthracotie pigment and, 
under the polarizing microscope, refraetile bodies which are typical of anthiaco- 
silicotic nodules. 



A . E 

Fiff 3 — 1 ami IS, Three month*! postoperatiie mihoprraphs of C l 


DISCU&SION 

The diagnosis of solitary lesions in the Iccv N a subject nlin 1 has rv 
much attention in the literature. In D-eer'!*er. 1S3G, Daiis .uid 
reviewed their 215 cases and added Iherr lo an analysis of repoi ted c -i- 
ing 1,203 eases No mention is made iz any o: tlie'e reports ot a Y 

any ot the pneumoconioses. Pneujr'i»n5 -3; is not included ui ii>' 
diagnosis of solitary pulmonar;' shi j fc iD- Outline of Radirr-:' " 

nosis compiled by the Resident zL- University of Mi'ih'" 

Recerrtly the author's hare •sn-.in-.'rMi 2 men with proL’iC"^ ' ~'~Z ' — ' 

case presented here The diana <- .rt an"raco-silieosis " '''' " 

logically (Figs I, A .and R. an; n A because of mu’’- 
wer-o more definite diamiM- ert-ri r; r,nenmoconio.is tlr- ' 
ease in winch llie final dkna'^5., xn- considered r'--' * ' - -r 
logical, ther-efore, (ha; nn arlirJ.n. aL tz-i bo made h- ' 

moeoniosis pix^cninl ^ ^ 



•<B5p 


188 


DAVIS AKD SNOW 


J Thoracic Surg 
August, 1958 









A B. 

Fig 4—A and B, Coal miner tvith definite radiologic diagnosis of pneumoconiosis sho\Mng a 
large, fanlj discrete mass in the posterior segment of the right upper lobe Case 2 




A S. 

>ig" 5 —A and Coal minei ttith radiologic eMdence of pneumoconiosis with large, faiilj 
discrete lesions in both lower lobes. Case 3. 
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Table I T^TFn^ATIO^w Classification Pafumocomosis 


Simplr Fncumoconto<{ts 

Citcffoiv 1 In flasc incliogr'iplis n smill number of opacitie'? iiny be «!een in at least 
two anterior rib spices exteiulmg oter not more than Imlf of the inedjil 
two tliiids of the Juiig fields 

Cittgor\ 2 Jn the^e ndiognplis, opacities cAteiul over more thin liilf of the medial 
tno thirds of the lung fields but irc spuse or ibsent in the litenl third 

Category *1 In tlitsi ndiogriphs, numtrous opacities txtt-iid oxei the nholc of both 
lungb including the lateml third, although thej mi} be spu^o oi absent 
iboic the tluiok 


Complicafed Piirumoconioiis 


Citegoi} A 


Catcgor\ B 
Citcgor\ C 
Categor} D 


Complicated juuumoconiosi*! or pneumoconiosis with coilesence or m issue 
shadows 

In tlus<. films opacitus more thin 1 tm in diirocter mi\ be seen m one 
or inori neis, eoitinioul} toilcsccnt, but not constituting i missive ^li idow 
of c\cn densit} 

In thcbo films one or more missuc shidow® ire presint, extending oitr 
liss than the equivalent of three antdior nh spaees on dthcr suit 
In these films large inissuc shadows of uniform dcnsit\ t-xtend o\er the 
equnaknt of three or more interior rih spices on either side 
In these, radiognplis, one of the inoic niassue shadows is presented asso 
oiatid with gros<« distortion of the pnlmon 1 ^^ anatonij The massue 
shadows mu of tbemsthos be such as to be classified A, B, or C in the 
absince of distortion 


Siiipp iiowlioio in tlio a^allal)1c htciatiue and classifications of pneiwno 
coinosis IS tlieic ineiitiou of isolated soIitai\ lesions, a nen categoii should be 
added Tlie autiiois piopose the fcim ‘ Atspie.il Lesions” nhich could include 
solitaTs aiitliiaco silicotic lesions oeevimug in Inngs nlnch othennso slion onh 
minimal oi eteii otpmoeal findings of piioumoconiosis, and solitan lesions oecui 
ling 111 lungs nliieh shoii findings moic diagnostic ot pneumoconiosis Wo ioel 
that futuie eases espceialh in oui gcogiaphie area, will enlaige this section 
of the elassifiestion Tins seems cspceiallj piobablo since 3 such esses hasp 
been oncounteied in less than G months 


SUMH ui\ 

A ease of a solitan pulinonan lesion due to anthiaco silicoiis is prcseiited 
No mention ol a similai cntiti has been found in eithoi the litentiiie on sr 
fai'j pulmoiian nodules oi that on pneumoconiosis 

tt IS pioposed tint tins possibiliU be added to the dificientnl diagi tis 
of solitan pulinonan nodules espceialh in geogiajihic areas m nhieh pu 
moeoniosis is encomiteied 

It IS also pioposed tliat the classification of pnciiinocO’ii<jsi.s he eiil ^pd 
inehide a eatcgoij of “Atapical Lesions," such as the pr'C*s nientionr i m • 
icpoit 
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THE SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS 
COMPLICATED BY PULMONARY INSUFFICIENCY 

David V. Pecora, M.D., Ray Brook, N. Y. 

I iV EVERY clinic engaged in the treatment of pulmonary tuberculosis there are 
many patients with pulmonaiy insufficiency. Of these, many can be cured 
with the aid of surgery, provided every etfort is made to preserve function. 
Unfortunately, preservation of function is not always compatible Avith cure 
of tuberculosis. On the contrary, efforts to preserve function may actually 
have an adverse effect upon the patient’s disease. Because of this, choice of 
procedure may be difficult. It is the piirpose of this study to review our ex¬ 
perience in the hope of facilitating such decisions by determining the indica¬ 
tions and limitations of several procedures which we have employed. 

MATERIALS AND METHODS 

Three types of surgery have been employed at the Ray Brook State Tuber¬ 
culosis Hospital in the treatment of patients with limited pulmonary function; 
plombage thoracoplasty, local cavitary resection (cavernectomy), and Monaldi 
drainage.^ 

Plombage thoracoplasty is employed with the intention of collapsing 
cavitary disease and as little functional lung as possible. Polyethylene beads 
are inserted into the subcostal space during the first stage. Beads are later 
remoAmd only when infection occurs or resection is performed. 

Cavernectomy consists of the removal of the caAdtj'^ and the adjacent 
dense disease. In many patients with smooth “healed” cavities, who have 
received long-term preoperative combined antituberculous drug therapy, it 
has been possible to remove little more than the caAuty Avail (Fig. 1). In other 
patients Avith appreciable dense pericaAutary disease, it has been necessary to 
perform segmental resection, or, less frequently, lobectomj’-. No attempt 
is made to remove all noncaAdtary disease and, in almost all instances, diseased 
lung has been transected. 

Monaldi caAdtary drainage is performed essentially as described by Wood¬ 
ruff and associates.- When the parietal and Adsceral pleura is knoAvn to be ad¬ 
herent, no preliminary rib resection is performed. OtherAvisc a small segment 
of rib and periosteum is resected and the formation of adhesions is encouraged 
by applying tincture of iodine to the parietal pleura in the rib bed. Every 
effort is made to aAmid crossing pulmonary fissures Avhen inserting the 

From the Ray Brook State Tuberculosis Hospital, Ray Brook, N. Y. 

Received for publication Feb. 28, 1958, 
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eathetei Lowci lobe ea\itics ajc appioaditd fiom the a\illa oi postenoilj ’ 
In a nuinbei of instances in Minch local icscction of cantaij disease has 
pioicd impossililc at the time of e\ploiatoij thoiaeotomy, foi itasons such as 
the pioMiiiitj of niipoitaiit liilai stiuctuies, a small incision is made into the 
caiitj and the tip oi a IG F doiiWe eye eathetei is inseited The opening is 
then closed about the eathetei Mith scieial piiise stiiiig siifiiies of atiaiiiiiatie 
ehioniic 2 0 catgut The last of these sufiues is tied about the eathetei Sue 
tion IS applied to the catliotei with a bulb S 3 iinge to check foi leaks as it is 
impoitant that the closuie be airtight The other end of the eathetei is 
hi ought out of the chest thioiigh a stab wound in the axilla Immediate ex 
pension of the lung is cnsin cd hj nisei ting tii o 28 F double ej e riibhei 
eatheteis into the pleiiial eaiifj 9he tip of one is siitiiied bj a single stitch 
to the aiiteiioi apical pleiiia and the tip of the othei is led to the base pos 
teiioilj These enthoteis aic also biought out thioiigb stab iiounds in the 
axilla As soon as possible, about 40 cm iiatci suction is applied to the eathetei s 
in the plcuial space and 20 em to the inti ipiilmoiiaiy caiitj The pletiial 
tubes ale umotod iisuall} in about 1 neck Suction is geneiallj maintained 
eontiniioiislv upon the eaicinostoiin tube foi about 1 month rolloiviiig this 
the patient is alloiied to ivalk about at intenals iiith the tube clamped 




Fiff 1—^Method of loc-illi excislner a Scale I tuberculom ca\it> 

A Tile c-iMti IS unroofed Blccdinp is contiolled with Allis clamps 
B rile floor of the cavitj Is excised ultli a small amount of adjacent lunfr tissue The 
luuff is propiessirclj sutureil wltii either interrupted 4 0 silk or continuous 2 0 atraumatic 
chromic catgut Usually tuo layers of the latter suture are usel 

Caieiiiohtomj tubes aie cinnged about once a month Piogtcss of caiitj 
elosiiie IS deteimined at intenals bj injecting lodmed oil into the tube Piicu 
mopeiitoiicuiii is fiequentlj administcied as a supiilemeiit to tube taieinos 
tomy It is oui piesent politj to leiiioie the diaiinge tube aftoi the spiituiii 
and caMtj diainage haie been iicgatnc foi tubercle Incilii bj cultuie foi 
about 10 months, piovided the cant} has closed ■\Yheneiet possible, tom 
bined antitiibeteiilous dnig tlieiapv is admiiiisteicd foi at least a }eai con 
comitanth «ith caieiiiostonn If onl} single ding coieiage is aiailable 
diug theiapj is not stalled until the cant} has been obliteiated 
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In orclei’ to determine the effect of residual disease upon the prognosis 
following local resection of cavitary lesions, Tables I and 11 have been com¬ 
piled. To provide sufficient material for analysis, all of the resections for pul¬ 
monary tuberculosis ])erformed at Ray Brook fi-om January, 1950, to Januaiy, 
1957, were reviewed. Resections which were not covered by antitubercu¬ 
lous drugs and those concerning which sufficient information was not avail¬ 
able Avere eliminated. Siiice it has been shoAvn elseArhere'> ® that postoperative 
tuberculous complications may be influenced by the presence of tubercle 
bacilli at the time of surgery, and by the number of drugs administered, this 
information i.s included in the tables. Both eai-ly (postopej-ative spread of 
disease, empyema, and Avound infection) and late (bacterial and roentgen- 
ographic relapse) tuberculous complications are listed together. A maximum 
of one tuberculous complication is atti-ibuted to each operation. The patients 
Avho had resections performed are divided into thi-ee groups according to the 
estimated amount of disease j-emaining after siu-gerj'; (1) those with no 
re,sidual palpable disease on the side opei-ated upon and no contralateral dis¬ 
ease disclosed by roentgenogram; (2) those Avith “appreciable residual dis¬ 
ease,” that is, residual disease involAung the eqAuvalent of one half or more of 
one lung Amlume; and (3) an “intermediate group.” 


Table I. TvBERcrLOUs CoArpucATioxs in Polmonakv Hesectwns Performed Upon Patients 
AAUth Culturable Tubercle Bacilli in the Hputum or Kesected Tissue 


number 

TOTAL 

NO RESIDUAL 
DISEASE 


“APPRECIABLE 
DISEASE ’ ’ 

OF DRUGS 
AVITH RE¬ 
SECTION 

COMPLI- j 
CATIONS 

NO I 

COMPLI- 1 
CATIONS 1 

COMPLI- 1 
CATIONS 

NO 

COMPLI¬ 

CATIONS 

COMPIil- 

CATIONS 

NO 

1 COMPLI¬ 
CATIONS 1 

1 COMPLI¬ 
CATIONS 

NO 

COMPLI¬ 

CATIONS 


One 20 (40%) 31(60%) 1(22%) 7(88%) 6 (.35%) 11(65%) 1,3(50%) 13(50%) 

10(14%) 64(86%) 2(9%) 20(91%) 4(20%) 16(80%) 4(13%) 28 (87%) 

Total 30 (24%) 95 (76%) .3(10%) 27 (90%) 10(27%) 27(7.3%) 17(29%) 41(71%) 


Table II Tuberculous Complications in Pulmonary Besections Performed Upon Patients 
With Sputum and Kesected Tissue Free op Culturable Tubercle Bacilli 


NUMBER 
OF DRUGS 
AVITH RE¬ 
SECTION 

total 

NO RESIDUAL 
DISEASE 

“INTERMEDIATE 

group" I 

‘ ‘ APPRECIABLE 
DISEASE' ' 

1 COMPLI- 1 
1 CATIONS 

no ' 

COMPLI- j 

CATIONS 1 

1 1 
COMPLI- 1 
1 CATIONS ! 

NO I 

COMPLI- 1 
CATIONS 1 

1 

COJIPLI- 
1 CATIONS 

NO 

COMPLI- 1 
CATIONS 1 

1 

1 

couphi- J 
cations 

no 

compli¬ 

cations 

One 2(13%) 13(87%) 0 5 (100%) 0 3(100%) 3(20%) D(il%) 

3(1%) 284 (99%) 0 95 (100%) 2(2%) 109 ( 98%) 1 ( 1%) 80 (99%) 

tXi 5 ( 1%) 297 (98%) 0 100 (100%) 2 (2%) 112 ( 98%) 3 ( 3%) 85 (97%) 


■WhencAmr drug therapy is discussed, only “effective” drugs are included, 
that is, only those drugs to Avhich the patient's organisms Avere sensitive. Or¬ 
ganisms are considered sensitive to stretitomycin, para-aminosalicylic acid, oi 
isoniazid, if they did not grOA\^ in the presence of 10 meg. of the first tAvo diugs 
or 5 meg. of the last drug, resiiectiA'cly. Details of the bacteriological methods 
employed haAm been presented elsetvhere.® Organisms are considered sensi- 
tiAm to Auomycin, cycloserine, pyrazinamide, or tibione if the patient had not 
previously received them. 
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RESULTS 

From the functional aspect, pIoinb,nge thoracoplasty has much merit. If 
little functional lung is eollapsctl there i.s little decrease in ventilation. More¬ 
over, during the early postoperative period, function is approximately as good 
as it is several months later." Unfortunately this procedure has not cured 
many, in our experience. Between July, 1954, and July, 1957, this procedure 
was employed on 18 occasions at Ray Brook. Sixteen of these were on pa¬ 
tients with far-advanced disease and 2 on patients with moderately adv.anced 
disease.* Of the IS, only 5 procedure.s succeeded in closing cavities. Of 13 
procedures performed upon patients with infectious sputum, only 2 succeeded 
in converting the sputum to negative. Of the 5 patients in whom cavity 
closure was achieved, only 2 liad infectious .sputum at the time of surgery. 
The important role of antituherculou.s drug tiicrapy is indicated ))y the fact 
that 4 of the 5 patients in wliom cavity closure was achieved received con¬ 
comitant drug therapy, while 9 of the 1.3 patients in whom cavity closure failed 
did not receive anfitubcretilou.s drug thcivapy. 

Sui'gical complications have been infrequent following this procedure. 
There have been no early iio.st(»perative .spreads of disease. Two infections of 
the subcostal space occuiTcd. Tubercle bacilli wei’o cultured from one and 
Bacillus profeus from the other. Both of these honied promptly following re¬ 
moval of the foreign jiiatcrial and establishment of drainage. One patient died 
approximately 2 months postoperatively of cor jntlmonale. Another patient 
died 6 months following surgery of hemorrhage from a contralateral cavity. 
Two patients died as a result of later surgery, one of a cardiac arrest during 
pulmonary decortication, and another as a result of attempted resection at 
another institution. 

It is realized that these poor rcstilts reflect the extcnsi^•o disease present. 
Nevertheless, since some of these patients wei'e latei- suoco.s.sfully treated by 
resection of the eavity-hearing area, it would appear that the latter j)i'Ocedurc 
is preferable if it is believed that the patient can tolei-ate it. For this reason 
it is our present policy to perform ploiiibagc thoracoplasty only when we be¬ 
lieve resection woidd involve a great risk. 

The ventilatory ehanges which occur with pulmonary 2 -c.section have been 
reviewed elsewhere." Briefly, there m.ay be little permanent change if only 
nonfunctional lung is excised. The greatest disadvantage of resection lies 
in the often c.xtreme tcnijiorary depression in ventilation which oecui's in the 
early postoperative period. 

The concept of treating pulmonary tuberculosis by attempting to obliter¬ 
ate cavitary disease is certainly not new. Early in our experience with resec¬ 
tion for pulraomuy tuberculosis,’ it seemed that local excision of cavitary dis¬ 
ease might 3 ’ield good results. However, it soon became evident that results 
wore not imifoinily good, espceiall.v when appreciable amounts of residual 
diseiise I'cmiiincd. In Tables I and II, an .attempt is made to determine the 
factors ;v'hich influence the results of local e.avitaiy excision. Fi'om Table II, 

•National Tuberculosis Association clnsslflcallon. 
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it will be noted that tuberculous complications arc uncommon in those pa¬ 
tients who have had sufficient antituberculous drug therapy to render them 
noninfectious. All of these were late complications. On the other hand, Table 
I indicates a relatively high incidence of tuberculoiis complications in the 
patients who had infectious specimens or sputum at the time of surgery. In 
both tables the superiority of multiple drug therapy is apparent, although less 
so in the patients with noninfectious disease (Table II). Also, in both tables, 
the unfavorable effect of residual disease is apparent, although less so in the 
noninfectious patients (Table II). It would appear that the amount of residual 
disease influences results most unfavorably when only one antituberculous 
drug is given and when the sputum (or resected tissue) contains eulturable 
tubercle bacilli. Converselj^, the amount of residual disease is of only slight 
importance Avhen the sputum and resected tissue do not yield eulturable 
tubercle bacilli and when 2 or more antituberculous drugs are administered. 

Six patients, included in Tables I and II, died of the following causes: 
cardiac arrest, postoperative intrapleural hemon-hage, hepatic necrosis (pre¬ 
sumably the result of toxicity to pyrazinamide), pulmonary edema, coronary 
occlusion, and cirrhosis of the liver. 

Monaldi cavernostomy can be performed by the percutaneous route with 
little effect upon pulmonary function. Of course, when it is performed at 
open thoracotomy, there follows a temporary depression in ventilation similar 
to that which occurs after pulmonary resection. Cavernostomy has yielded 
variable resiilts, depending upon a number of factors. A review of 32 pro¬ 
cedures performed upon 28 patients at Ray Brook between January, 1946, and 
July, 1957, reveals that all of the patients had infectious sputum at the time 
of Monaldi cavernostomy and in only 13 was a noninfectious state achieved. 
Of 15 procedures performed without concomitant antituberculous drug ther¬ 
apy, 14 failed to achieve negative cultures of the sputum. In the fifteenth 
case, the sputum became negatWe microscopically. Of 10 patients who re¬ 
ceived single antituberculous drug therapy, or less than 6 months of combined 
drug therapy, 6 developed noninfectious sputum. All ( patients who receiA'^ed 
combined antituberculous drug therapy for OAmr 6 months dcA'^eloped non¬ 
infectious sputum. 

The Amine of posterolateral thoracoplasty as an adjunct to Monaldi 
cavernostomy is not evident. In tliis series, posterolateral thoracoplasty was 
performed on 19 occasions, following Avhich the sputum became noninfectious 
in 8 instances. One additional patient developed microscopically negative 
sputum Of the 13 instances in Avhich posterolateral thoracoplasty Avas not 
performed, 5 patients developed noninfectious sputum. Neither these data 
nor Monal’di’s experience® indicate that thoracoplasty is necessary in many 

cases. 

In this group of patients, complications have hacn limited to bleeding 
AAdiich Avas transient, except in one instance Avhich terminated fatallJ^ During 
bleeding episodes, suction is discontinued temporarily and the patient is en- 
coxAraged to elear the bronchial tree by coughing gently. Fbav patients Avho 
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ha\e lecel^ccl concomitant antitubeicnloiis dings liai o o\peiienecd tins com 
plication Of the 28 patients tieatcd b\ Moinldi e.aieinostoni}, 7 aie kiioivn 
to be dead Six of these patients had failed to achiei e noninfeetious sputum, 
the othei died of bi oiichogeiiie eaicmoma 


rfpresentatim: cvsfs 


Case 1—R, ^ 26jcarol(l ^\oman, was ntlmitted to Raj Brook State Tuberculosis 
Hospital on I\o\ 15, 1*^)54, with sputum containing tubercle bacilli resistant to strepto 
nijcin, para aIlnnosalle^he acid, and isoniazid A roentgenogram of the chest revealed 
disease throughout botli lung fields and large cavities bilatcrallv (Fig 2, A) Tlie patient 
was extrcinelv ill and dvspneic Pneumoperitoneum had been initiated piior to admission 
and was continued until ilareh 1(, 1*)57 On Tune 7, 1955, under local 1 per cent procaine 
anesthesia, u sin ill spgnient of the left fourth nb with potiosteum vv is removed through an 
incision in the a\illa Ihe underhing iileura was wiped with tincture of iodine to create 
adhesions On June 21, 1955, under fluoroscopic guidance with the aid of a trocar, a tube 
was inserted into the underhing piilmonaiv cavitv through a small stab wound over the 
Iireviouslv resected fourth nb The cavitv rapidlv decreased in size and on Oct 20, 1955, 
and again on Sept 21, 1950 (Fig J, B), it could not be demonstrated bj injection of iodized 
oil through the cathetei On June 3, 1956, razinnmidt, 1 gram 3 timts a dav, and vionucin, 
1 gram tvorv 12 hours 2 davs a week, wire started Tlusc drugs were continued until Julv 19, 
1957 Vital rapacitj on Tune 22, 1950, was 1,300 cc total and 1,100 l e in 3 seconds On 
Tunc 29, 1956, light upper and middle lolnetomj were perfornud, icmoving a large shaggv 
cavitj which occupied both lobes The postoperitive couise was uncomplicated and the spa 
turn became nouiufectious The patniit was di'*(Iiarged from the liospital on Jan 18, 1958 
^ ital capaeitv on tint daj was 1,700 cc total and 1,400 cc in 3 seconds 

CA«?r 2 —B r, a 32vearold woman, was admitted to Rav Brook State Tuberculosis 
Hospital for the second time on Feb 2, 1957 Her sputum contained tubercle bacilli which 
were resistant to 10 meg of para aminosalicvltc acid and 5 meg of isoiimzid Roentgeno 
grams of the chest reveakd diffuse disease in the left lung with cavitation in both lobes 
and a small amount of disease in the right lung Vital tapicitv was 1,600 cc total and 
1,000 c c in 3 seconds On Tuh 12, 1957, pv razinannde, 3 gram three times a dav, and 
cvclosenne, 250 mg everv 12 hours, were substituted for para ammosahejlie acid and 
isoniazid therapv winch the patient had been receiving On 3ulv 24 1957, streptomjcin 
was substituted for cvclosenne On Tulv 22, 1957, a left esplontorv thoracotomj was 
performed Two cavitarv areas were identified, one in the apical posterior segment of 
the upper lobe and one deep within the lower Jobe Uic lower lobe cavitj was incised, 
revealing necrotic and pundent contents It was obvious that this cavitj could not be 
resected without sacrificing the whole lower lobe Therefore, a 30 F catheter was placed 
into the cavitv and the incision was closed tightlj about the catheter with sutures of 2 0 
atraumatic chromic catgut One suture was tied aliout the catheter Ihe apical posterior 
*>egment and a w edge of the anterior segment ot the upper lobe w ere then resccte 1 V hen 
this specimen was incised it levealed two cavities, one witli a smootli glistening lining 
and one with a shaggv purulent membrane Cultures of the foniier v lelded no tubercle 
bacilli, those ot the latter, manv tubercle bacilli PiieumopentoiiLUm was started on 
Tuh 23, 1957 Ihere w'cre no postoperative complications Following surgerj, the pa 
tient’s sputum liecame noninfeetious On Oct 1, 1957, injertion of iodized oil into the 
cavernostomv cavitv failed to reveal evidence of cavitation, although a good bronchograin 
was obtained 1 ital capacitv on Tan 24, 1958, was 1,700 cc total and 1,500 cc iii 3 
seconds 


Ca'se 3—M, a 34jearo3d man, was admitted to Rav Brook ^tate Tuliereiilosis 
Hospital on Feb 38, 1957, with tubercle bieilli resistant fo^streptomvun uid para ammo 
salicvlic acid in his sinitum Chest roentgenogrims reicaltd stattere’ nneavitarj disense 
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imoUinff the upper half of the light lung anil two laigo ciMties lu tlie left upper lung 
field. In addition, there was ^leattered nonea\itary di‘5ea‘:o in the remainder of the left lung. 
Fluoro«!copy rescaled evidence of obstructive eniphjscma bilnteralh, worse on the left 
side Vital capncitv was 2,GOO cc total and 2,000 cc in .3 seconds On Oct IS, 1057, 
vioinvcin, 1 gram everv 12 honis 2 dtivs a week, and pv razmamide, 1 gram 3 times a dav, 
wore started Isoniand was not administered since the patient had been receiving the 
drug continuouslv for a prolonged period and it was thought possible that the patient’s 
organisms might have developed resistance to the drug On Oct. 2.5, 1057, a left pul 
monarv decortication anl left upper lobectoinv were porfonned In addition, a large 
cavitv’ with a smooth glistening membrane was removed from the lower lobe as illustrated 
in Fig 1 The lung was sutured with two lavers of continuous 2(1 atraumatic chromic 
catgut. Wlien the upper lobe was incised, a large eavitv with a slmg'gv purulent lining 
was demonstrated The patient’s postoperative course vras not unusual eveept for the 
necessifv of performing a 5 rifi posterolateral fhorncoplasfv to obliterate an uninfected 
residual pleural air space Tlie sputum following resection became iioninfectious Vital 
capacitv on .Tan. 24, 10,5S, was 2,100 cc total and 1,500 cc in .S seconds 


DISCUSSION 

Ideally, suigcry in patients with pulmonary insnfficienoy should icmove 
tuberculous disease without saciificiiig anj functioning lung. Obviously no 
procedme can completely accomplish this, tiioiefoic, treatment of these pa¬ 
tients lequiies vaiious compromises Occasionally, combinations of pro¬ 
cedures must 1)0 lused, sueh as segmental resection foi’ a laige rigid cavity 
and Monaldi caveriiostomy for a smaller cavity which cannot he resected 
locally (Case 2), or lohoctomy for extensive active disease involving a uhole 
lobe, and local icseetioii for a “healed” .smooth-walled cavity in another lobe 
(Case 3). 

Expeiicnee has shoun that it eavitaij’ disease can be excised, or other¬ 
wise ohliteiated, the remaining iioncavitaiy disease is often well tolerated 
Other factois being equal, thoic is an appioximate quantitative lelationship 
between the amount of disease and its cfl'eets upon the prognosis of the 
tuheiculosis However, the itiipoifance of lesidual disease vaiics with the bac- 
teiiologic state of the pulmonaiy tissue and the tjpe of antitubciculous ding 
theiapy. The amount of disease is not very impoitant vhen the lung has been 
rendered negatise for cultniahle tubercle bacilli, a result which can ho at¬ 
tained ill the great majority of patients receiving long-tcim combined therapy 
with sti eptomycin, paia-aminosalicylic acid, or isoniazid Tlie influence of 
residua! disease upon piognosis is somewhat more impoitant when eiiltiirable 
tiibeiele bacilli aie piescut in the lung or sputum and iong-term combined 
antituberculous drug therapy is administcicd postoperatively. Tlie influence 
of residual disease is gicatest in patients with infections disease who leccivc 
single or shoit-teim combined antitiiherciilous ding theiapy postoperatively. 

Fjom the functional point of view, percutaneous IMonaldi caveinostoniy 
is least disturbing to the patient. Open thoracotom 3 ’ with concomitant tube 
eaveuiostomj' oi local lescetion of eavitaiy disease iiiaj' he followed bj- little 
peinianent deciease in ventilation. However, there is an carl}', often severe, 
deeiease in ventilation nhich may not be tolerated well h ■■iei<7r”ith se- 
veie pulmonary insiiflieiene}'. This eaily deciease ' ' , city 
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does not occur following plombage thoracoplasty and, for this reason, 
plombage thoracoplasty is well tolerated by severely ill patients, provided a 
minimal amount of functional lung is collapsed. 

Following thoracotomy it may be necessary to perform a tracheotomy to 
tide the patient over the period of early depression of ventilatory capacity. 
By this means pulmonary dead space is decreased and tracheobronchial secre¬ 
tions can be aspirated. We have not found it necessary to emploj^ mechanical 
respirators or assistors to date. After the Monaldi procedure, patients with 
poor ventilatory capacity usually find that they can cough more effectively if 
they occlude the cavernostomy tube while coughing. 

Of the three types of procedures discussed, plombage thoracoplasty seems 
to offer the poorest thei-apeutie results. However, the procedure does seem 
to offer some degree of palliation by reducing the amount of sputum and fever 
in many patients who do not achieve a noninfectious state. An advantage of 
this procedure, shared with pereutaneoxis Monaldi cavernostomy, is that it 
can be performed with relatively little risk in the absence of concomitant 
antituberculoixs drug therapy. If multiple antituberculous drug therapy is 
available, one can expect much better therapeutic results xvith local eavitaiy 
resection and/or tube cavernostomy. 


The surgical treatment of pulmonary tuberculosis in patients with pul¬ 
monary insufficiency requires that as much functional lung as possible be 
preserved. Three procedures meet these functional requirements: plombage 
thoracoplasty, local excision of cavitary disease, and Monaldi cavernostomj'. 
Tliese may be employed separately or in combination. Important factors which 
influence therapeutic results are the presence of bacilli, antituberculous drug ther¬ 
apy, elimmation of cavitary disease, and the amoimt of residual disease. In our 
experience, resection of cavitary disease and Monaldi cavernostomy have 
generally been more effective therapeutically than plombage thoracoplasty. 
When antituberculous therapy is not available, open thoracotomy should not 
be performed. 
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POSTPNEUMONECTOMY OLEOTHORAX 

Katl P K/assen, D, and Ned C Andieus, D, Columbus, Ohio 

T he Posn>NEU’'ioNECTOMi pleiiial sjjdcc j)icseiits a definite pioblem m the 
management of patients liaMiig imdoigonc pulmonary losection foi con 
genital, infectious, tiaiimatic, and neoplastic diseases Because of the iigidiU 
of the nb cage and instabilit3' of the nicdiastmiim and diaphiagni, it nas gen 
erallj assumed dining the catly dajs of pnlmonaij lesection that nith ab- 
soiption of an and oigani/ation of the hemothoia\, mediastinal shift to the 
side of lesection Mould lesiilt in nndesiiabic oicidistention of the icmaining 
lung Espciimental pioof Mas bioiiglit foith that in glowing, cspeiinuntal 
animals' such oieidistentum did not lead to impaiiment of piilmonaiy fiine 
tion but did in adult dogs Clinical nnestigation of patients haiing iindeigone 
pneumonectomy in childhood suppoitcd this finding^ On the basis of clinical 
m\estigation,'' it appeals that such oicidistention of normal pulmonaiy tissue 
in the adult is fan!} well tolciatcd Soieic pulmonai} emphysema lesidual 
inflammatoij disease, and othci factois iiiaj’’, hoMeioi, lead to piogussiio 
difflcultics 111 the icmaining lung ® “ 

The late of the pleutal space folIoMing pulmonaiy lesoetion is faiilv 
well iindeistood With adequate closuic of the bionehial stump and chest 
Mall, the pleuial space will accumulate Vaiious amounts ot blood depending 
upon the dcgiee of tiauiiia and hemostasis dining snigeiy and on the type 
and duiation of postopciatne tube diainage AVitli icmoial of the diaiiiago 
tube and in the absence of bioncliial leakage and infection the eaih absoip 
tioii of ail will lead to shift of the mediastinum and elev ation of the cliaphi ngm 
The lesultant high negatue pleuial picssuic niaj tempoiaiih inciease the 
amount of seiosanguiiieous tiansudate Howciei, eieiituallj oiei a peiiod of 
months the fluid is absoibcd and the ccllulai element becomes oiganiyed into 
a contiactile fibiothoia\ with naiiowing ot iib spaces maiked mediastinal 
shift and eloiation ot the diapliiagm Such eontiaction of the hcmithoiax 
may be minimal folloMing a left pnenmoneetomy oi in patients Mitli pioopcia 
tne diminution of the thoiax due to longstanding pieeious congenital oi in 
fcctious disease of the lung and pleiiia, and Mill pieseiif no paiticulai pioblem 
Oecasionalh, hoMeeei, paitieulaih m adults lollomng light pneumonectonn, 
a conti acting fibiothoiax may load not only to oi ei distention of the lemaining 
emphysematous lung but also to maikcel deiiatioii of the uppoi mediastinal 

Prom The Di\ islon of Thoracic ‘^Jurgerj Department of Surgerj The OIUo i?tate ’ 
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does not occur following i^lombage thoracoplasty and, for this reason, 
plombage thoracoplasty is well tolerated by severely ill patients, provided a 
uiiniuial amount of functional lung is collapsed. 

Following thoracotomy it may he neeessaiy to perform a tracheotomy to 
tide the patient over the period of early depression of ventilatory cajjacity. 
By this means pulmonary dead space is decreased and traeheobi’onchial seei’e- 
tions can be aspirated. AVe have not found it necessary to employ mechanical 
respirators or assistors to date. After the Monaldi procedure, patients with 
poor ventilatory capacity usually find that they can cough more effectively if 
they occlude the cavernostom3>- tube while coughing. 

Of the three types of procedures discussed, plombage thoracoplasty seems 
to offer the poorest therapeutic results. However, the procedure does seem 
to offer some degree of palliation by reducing the amount of sputum and fever 
in many patients who do not achieve a noninfeetions state. An advantage of 
this pi'ocedure, shared with percutaneous Monaldi cavernostom3’', is that it 
can be performed with relatively little risk in the absence of concomitant 
antitixberculous drug therapy. If multiple antituberculous drug therapy is 
available, one can expect much better therapeutic results with local cavitary 
resection and/or tube cavernostoray. 


sum^mary 

The surgical treatment of pulmonar.v tuberculosis in patients with pul- 
monarj’’ insufficiency requires that as much fxxnetional lung as possible be 
preserved. Three procedures meet these functional requirements; plombage 
thoracoplasty, local excision of cavitary disease, and Monaldi cavernostomJ^ 
These may be employed separately or in combination. Important factors which 
influence therapeutic results are the presence of bacilli, antituberculous drug ther- 
ap3*, elimination of cavitary disease, and the amount of residual disease. In our 
experience, resection of cavitary disease and Monaldi cavernostomy have 
generally been more effective therapeutically than plombage thoracoplasty. 
When antituberculous therapy is not available, open thoracotomy should not 
be performed. 
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POSTPNEUMONECTOMY OLEOTHORAX 

Karl P. Klassen, ALD., and Neil C. Andrews, /M.D,, Columbus, Ohio 


T he i’ostpxeomonectomy plcm-al space pvcscuts a definite problem in the 
niaiiiigcment of patients liaviiig undei-goiio pulmonary rcscetioa for eon- 
Kenital, infectious, traumatic, and neoplastic diseases. Because of the rigidit3’ 
of the rib cage and instabilifj’ of the mediastinum and diaphragm, it was gon- 
crallj' assumed daring the earlj' daj's of piilmonaiy resection that with ab¬ 
sorption of air and organization of the hemothorax, mediastinal shift to the 
side of I'csoetion would result in undesirable overdistention of the remaining 
lung. Experimental iiroof was brought forth that in growing, experimental 
animals’’ ” such ovordistention did not lead to imiiairment of pulmonary func¬ 
tion but did in adult dogs. Clinical investigation of patients having undergone 
pnoumoueetomj' in childhood .supported thi-s finding.^ On the basis of clinical 
investigation,it appears that .such overdi.stention of normal pulmonary tissue 
in the adult is faii’lj’ well tolerated. Severe pulmonary cm))hysema, residual 
inflammatorj’ disease, and other factors maj', liowei’oi', lead to progressive 
diffieultics in the remaining lung.*’ “ 

The fate of the pleural space following pulmonary resoetion is fairly 
well understood. AVith adeciuate closure of the bronchial stump and chest 
wall, the pleural space will aecumulato Various amounts of blood depending 
upon the degree of trauma and hemostasis during .surgci'3' and on the tj'pc 
and duration of po.stoi)erativc tube drainage. AVith removal of the drainage 
tube and in the absence of bronchial leakage and infection the early absorp¬ 
tion of air will lead to shift of the mediastinum and elevation of the diaphragm. 
The resultant high negative pleural pressure may tempoi-arily increase the 
amount of serosanguinoous transudate. However, eventually over a period of 
months the fluid is absorbed and the cellular element becomes organized into 
a contractile fibrothora.x with narrowing of I’ib s()accs, marked mediastinal 
shift, and elevation of the diaphragm. Such contraction of the hemithorax 
may be minimal following a left pneunionectcmij' or in ])atients w’ith preopera¬ 
tive diminution of the thorax due to long-standing 2’revious congenital or in-. 
fcctious disease of the lung and jjlcura, and W'ill present no iiarticular pi’oblem. 
Occasionallj’, however, particularly in adults follondug right pneumonectom.v, 
a contracting fibrothoi-ax may lead not onlj' to overdistention of the remaining 
emphysematous lung but also to marked deviation of the upper mediastinal 

„ From The Dir Ision of Thoracic SurBerj’. Deliartnicnt of Siireerr, The Ohio State University 
Health Center. 
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structures, interfering with the normal function of the superior vena cava, 
trachea, and esophagus. Elevadon of the left diaphragm may lead to trapped 
gastiic ail syndrome and occasionally to cardiac irregularities. 

The first pneumonectomy performed by Graham in 1933"° for bronchogenic 
carcinoma was combined with a thoracoplasty for obliteration of the pleural 
space. Since that time numerous laboratory and clinical studies have been 
presented in an attempt to solve the j^roblem of the postpneumonectomy space. 
The consensus appears to be that ovordistention of an emphysematous lung 
will further decrease its function, that severe mediastinal shift is undesirable, 
and that late infection may occur in the residual space. 

Thoracoplasty performed eoneomitantlj^ with the primary resection""-"" 
or as a later separate procedure"^-is used extensively at tlie present time; 
however, it is associated with definite disadvantages. Prolongation of the 
operative time, increased surgical trauma, and subsequent increased operative 
and postoperative blood loss are important factors in the older age group in 
a concomitant thoracoplasty. Subsequent multiple rib resections carry the 
risk and expense of an additional operative procedure. The deformities of 
thoracoplasties are objectionable from a cosmetic standpoint, particularly in 
women of the younger age group. 

To overcome the objections of thoracoplasty, various forms of prostheses 
or space-filling devices have been tried. In 1949, Johnson"® advocated the use 
of plastic spheres introduced into tlic pleural space as a form of plombage. 
This prosthesis has been used extensively for extrapleural ifiombage as well 
as in the postreseetion pleural space. Although the initial results appeared 
satisfactory,"" a few later reports indicated difficulties witli tliis material."® 
Ivalon sponge shaped to fit the pleural space was suggested by Grindley and 
Waugh"® and subsequently used by others®®-"" apparently with good results, 
although late reports again indicate that difficulties were encountered in the 
presence of pleural space infection."®- " 

In 1951, we®" reported our experience with sterile olive oil used as a pros¬ 
thesis in 20 patients following pneumoneetoniy. Over a period of many years 
olive oil had been used extensively for the maintenance of pulmonary collapse 
in tuberculosis. Difficulties encountered Avith its use were numeroiTS and 
stemmed apparently from its application in patients with pleni-al infection 
and in the presence of bronchial fistulas. The oil itself appeared to be well 
tolerated and did not lead to tissue reaction such as was produced by paraffin 

oil. 

Since 1950 oleothorax has been used in onr elinie as a postpneumonectomy 
prosthesis in 123 additional cases and a- follow-iip report dealing with onr 
experience appears indicated. 

PEOCEDURE FOR THE ESTABLISHMENT OF OLEOTHORAX 

Immediately following pneumonectomy, intercostal underwater-seal drain¬ 
age is instituted and continued for 24 to 48 hours for the removal of ac¬ 
cumulated blood and for the maintenance of normal intrathoracic pressure. 
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Antibiotics are instilled into the pleural space on removal of the drainage tube 
and again just prior to discharge of the patient from the hospital, at which 
time the pleural pi essure is neutralized. 

The decision to establish an oleothorax is made during the postoperative 
period and depends upon preoperativc piilmonaiy function, the condition of 
the lemaining lung, the size of the pleural space, as well as on the ojierative 
findings and postoperative complications Patients with pievions contractile 
disease of the involved hemithorax and those with a small left pleural space 
and noimal light hing usually show veiy little mediastinal shift and are not 
consideied tor oleothorax. Patients with known tiihcreulous pleural infection 
and with bronchial or cutaneous fistulas due to tuberculosis are tieated by 
thoracoplasty. Patients with l atgc residual pleural space , with , emphysema or 
residual infection iii the r emaining lung and without evidence of pleural in- 
j eetTon or ~^-- ■ \ " rativcl.v are considered good eandi- 

dales for ■ ■ ■ ■■ ■ ■■ ■ , ■ 



On re-admission to the hospital -1 to 5 weeks postojieratively, thoracenfosis 
is perfoimed ii.sing a No. 13 needle inserted thiongh the seventh intercostal 
space in the midaxillary line. Following aspiration of tlie .scro-sangiiineoiis 
fluid, the patient i.s placed on the contralateral side and a second large needle 
is inserted for a distance of 2 em. into the pleural space, one interspaec above 
tile first needle. This servos as an air rent. Sterile olive oil containing 1 flni. 
of streptomycin and 300,000 units of penicillin per .500 e.e. is instilled into the 
pleural space through the fiist needle, using a oO e.e. .syringe. l\'iih the ap- 
pearanee of olive oil in the air vent neodlc, the instiilafion of oil is di^eon- 
timicd and both needles withdrawn. The amount e« 
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establishment of the oleothorax depends on the size of the hemithorax and has 
varied in our patients from 300 to 2,700 e.c., with an average of 880 c.e. in 
the 149 patients. Immediately following the injection of oil, fluoroseopy is 
performed to determine the position of the mediastinum. There is usually a 
small cap of air in the apex of the pleural space containing an estimated 150 
c.e. of air which becomes absorbed over a period of several Avecks. When 
peifoimed pi'operly, the instillation of the oil pi'odueed very little discomfort 
and the patient is dischai'ged from the hospital 24 hours later. 

The oil used in these patients was commercial olive oil sterilized by dry 
heat for 3 hours at 160° C. and allowed to cool to room temperature. Bac- 
teriologic study of samples of oil prepared by this method has shown this to 
be adequate for sterilization. 

AH patients return for regular postoperative Ausits and z’oentgenograms 
are taken at yeazly intez-vals. Absorption of the oil does not occur and the 
mediastimun is maintained in its original position (Fig. 1). No attempt is 
made to evaluate the pressure Avithin the pleui-al space unless the patient de¬ 
velops symptoms suggesting infection or increased amount of fluid. Ozi soa-^- 
eral occasions samples haAm been taken from the oleothoi-ax, A\diieh, hoAveAmr, 
shoAV clear Avhite oil and no evidence of emulsiflcation in the absence of infec¬ 
tion. The pressure in the lower thoi-ax is slightly positive A\dth the patient in 
the erect position, Avith a negative pressure Avhile the patient is recumbent. 

RESULTS 

Oleothorax Avas established in 149 of 313 patients undergoing pneumo¬ 
nectomy for various conditions (Table I). The majority of resections Avere 
performed for bronchogenic cai'cinozna and in moi-e than half of them oleo¬ 
thorax Avas utilized as a pleural prosthesis. Duilng the 10-year period of this 
study, thoracoplasty Avas not used concomitantly Avith oi- subsequent to resec¬ 
tion for bronchogenic carcinoma except in 1 patient Avho developed an em¬ 
pyema A\dth a cutaneous sinus foIloAving the establishment of oleotho 2 >ax. Six¬ 
teen patients died Avithin a 30-day period followizig resection Avhile in an 
equal number extensive mediastinal and pleural involvement izidicated a short 
life expectancy contraindicating the use of oleothoi-ax. Among the above 
patients Avere 8 Avith bronchial fistulas. In 2 patients, an early pyogenic em¬ 
pyema developed Avhich, after successful treatment with antibiotics, resulted 
in a fibrothorax with obliteration of the pleural space. Fluid could not be 
aspirated in 2 patients because of loeulation, Avhile 2 patients failed to return 
for the oleothorax. In 65 patients, oleothorax Avas not considered necessary 
because of excellent function of the remaining lung, good position of the 
mediastinum in the postoperative period, and a small fluid-filled pleural space. 
The majoj'ity of these Avere on the left side. 

There were 6 patients in this group who developed difficulties folloAving 
instillation of the oliAm oil. An immediate acute empyema resulted in 2 pa¬ 
tients Avithin 48 hours of the instillation of oil. FolloAving aspiration of the 
oil and intensiAm pleural and systemic antibiotic therapy the sizace became 
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13 

8 


Adeiionn. 

2 

2 


Clironic unciinionitis 
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Cystic di'ic'iso 

1 

1 


1 ot ils 

313 

149 

4 3 

•Due to primary (lisca‘?e 

stciile ovci a peiiod of seveiai weeks 

7’he oleothoiax was ic established in 


1, while ,1 fibiothoiax dciclopcd in the second patient In both of these pa 
tieiits, subsequent iinestigation lesealed tbit a poition of the olnt oil used 
bad not been steiiliFcd An enipsetna deielopcd in 1 patient 2 wieKs follow 
iiig the oleothoiav, howeeci, it icspoiided to pleuial antibiotic instillation 
without lenioeal of the oil In 2 patients, late ciiipsema dcieloped following 
fouiiation of a bionchial fistula found at autopsy to be due to iesidu.il cai 
cinoma of the bionchial stump In one of these patients tlieie was also piesent 
an esophageal fistula due to caieinoma A cutaneous sinus at the site of tube 
diainage developed m 1 patient with the loss of the ml and formation of an 
cmpjoma tieatod suhsequenth bj thoiacoplastj 

Autopsies woie peifoimed on seveial patients with oleothoiax of seveial 
jeais’ duiation who had died of iccuiieneo of the bionchogenic oaioinoma 
with extensive metastasis The pleuial space was found to eontcain a oleai 
oil of appioximatcly the amount instillid pieviouslj Iht iileiiial siiiface 
was smooth and glistening, and micioscopie seetions showed a fibious mem 
biane containing oil spaces and vei> little inflaiiimatoij leaction (Fig 2) 

At the piesent time thcie aie 75 tiatients alive with olcothoiax who have 
had lesection foi bionchogcnie caicinoiiii The longest suivival is 10 jcais 
(Fig 3) Foitv seven patients died ,at vaiious intinals, following pneu 
iiionectomy and oleothoiav, of piogression of then bionchogeiiie (.aicinoina 
Pneumom,ctomj was peifoiincd in 70 patients with tubciculosis foi di 
stiojed lung extensive exe.avation, hionehiccfasis bionehostcnosis and 
tlioiaeoplastv f.ailuies Tubeienlous enipjema associated with bionchial and 
cutaneous fistulas was piesent in a iiumbci of these patients Oleothoi.ix 
was established in only 13 patients who had no ev idcncc of tubciculous pleuial 
01 bionchial disease The oleothoiax m these patients has been well toleiated 
In 1 patient, .an oleothoiax w.as established in the piesence of fiank post 
leseetion tubeieulous empyema in 1945 3’he patient did well and aspiiation 
of a sample of oil in 1952 showed this to he dean and steiile on cultuie The 
patient was lost to oui obseiv.itioii, howevci, and died 5 ^e.iis latci of what 
was lepoited as a subphremt .ibscess and tubeieulous cmpvem.a Detailed 
studies on this patient aie not av ail.ablc at the present time 

In sonic of the patients wnth pulmoii.iij tubciculosis thoiacoplastj h.id 
been pcifoinied piioi to piicumonectoiiiv ami in otheis the disc.ise piocess 
had lesulted in such mailced coiiti.action of the chest wall and elevation of 
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Pisr 2—Photomicrograph of parietal pleura of a patient ■v\ho died of bronchogenic 
carcinoma 1 >ear folloi\ing pneunionectom> and establishment of oleothorax Oil-containing 
spaces aie shoi%n as tiell as clumps of malignant cells on the surface The underlying fibrous 
membrane shous little inflammatorj reaction 
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the cliaphingm that a spacefilling piostliesis was imneccss.iii In manj ol the 
patients viitli this disease thoiatoplastj was used to ohlitciato the post 
pneumontetomj space bec.iiisc of imohement of the plciiia oi tiaiisccted 
bionchiis 

In the patients with bioiithittlasis itnohing an cntiio lung and neecs 
sitating pneiimoncctomj, 5 patients had a niaihedlj eontiactcd thoia\ le 
suiting 111 a small postpneiiinoncctomy space In the lemaining 8 patients, 
oleothoia\ was established and maintained without difficultj In 2 patients 
with adenomas iniohing the main bionehiis and legional Ijmph nodes lo 
quiiing a piioiimoncctonij, olcothoiax was established foi cosmetic icasoiis, 
both patients being woiiicii in the middle age gioiip Two patients with 
chionic piieiimoiutis ol uiihnown ctiologt bad olcothoiax established, while in 
1 patient with eongcnital cystic disease of the lung theie was no associated 
coiitiaclioii of the heniithoiax on the light side A huge plcuial space ic 
inaincd, icqiiiiiiig the instillation of 2,o00 c e of oil 

Since thoiacoplnstj has not been used loiitiiiilj iii oiii clinic following 
pneiimonootonn foi bionehogomc caieinoma no data aic acailnble in dctei 
milling the possible beiufits of olcothoiax oiei thoiacoplastj in this disease, 
as fai as fuiiotioii of the iciiiaiiiiiig lung is toiiccined In a senes of 11 pa 
tieiits pie and postoiieiatno pitlmomij function studios indicated an atci- 
age loss of 50 pti cent in the maximum biiathing capacitj Howeicr, since 
the picopoiatnc function of the lemoicd lung laiied fiom noiinal to com 
pleto absence of function, such compaiafnc studies aie of little taliic If has 
been oiii clinical impicssion that patients with olcothoia\ paiticiilail,! in the 
pioseiici of extensne cmphjscmatous changes in the leiiiaiiiiiig lung, hate 
done cjuito well In patients who haic dcieloped plcuial and distant iiietas 
tsses following olootlioiax, accumulation of fluid in the plcuial spice has hcen 
no pioblem It appeals that the piescncc of oil mav inhibit the effusion sec 
ondaiy to plcuial caicinoma imohemciit In I patient with extensile cni 
einoiuatosis of the pleuia found at piiouiiioiiectomy, ladioactnc gold was used 
on two sepiialc occasions piioi to the instillation of oil This patient Iiied 
without eiidcnce of icaccnimilation of fluid oi medinstniai shift foi I year 
and died ol distant mefast isis 


DISCUSSION 

Olcothoiax as used iii oui clinic oici a jiciiod of JOjeais in patients 
iindei going piieumoiieetoiin has pioved of defimfe lahie in the contiol of the 
postiescetioml space The olcothoiax can be esfibhsJicd with case and irhca 
used with piojiei eaie md foi definite iiicheafiniis is well toloiateci V‘f 
cultics wcie ciicoiintoicd onh m instances of nnpropn application siicf'’ 
its use in patients with infection of the plcunl sp.icc in the pic«c«c' ' 
bioncliial disease leading to fistula foiiiniioa or laadecjuate stciilizatw'' ^ 
oliic oil Once the olcothoiax has been estahluhcd it ic,j. i'" 

attention, and patients followed for peiiodg up (o 10 ., 
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complications because of the presence of the oil. The mediastinum has been 
maintained in its original position and no thoi-acic deformity has resulted. 

We are continuing- the use of oleothorax in patients presenting a problem 
in the control of a large pleural postpiieunionectoniy space. Overdistention 
of the remaining lung, undesirable shift of the mediastinum, and elevation 
of the diaphragm is prevented by the application of this prosthesis without 
additional surgery and without thoracic deformity. Oleothorax should not 
be used in the presence of pleural infection, actual or potential bronchial and 
cutaneous fistulas, or in patients with residual carcinoma of the bronchial 
stump. In patients with prepneumonectomy contracted thorax, those with 
previous thoracoplasty, and in patients with small residual fiuid-fillcd space 
and good position of the remaining lung, a .slight shift of the mediastinum 
is well tolerated and an oleothorax is not necessaiy. 

SUAIMAKV 

1. Oleothorax was apjilied as a postpneumoneetomy pleural space pros¬ 
thesis in 149 patients. 

2. When applied under proper conditions, stei-ile olive oil was well tol¬ 
erated in all patients for periods up to 10 yea 2 -s. 

3. Infection of the oleothorax occurred in 7 patients. In 4 of these the 
complication was secondary to the original disease, while in 2, and possibly 3, 
improper sterilization of the oil resulted in an immediate empyema. 
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ESOPHAGOPERICARDIAL FISTULA OF BENIGN ORIGIN 

Smn E. Stephenson, ]r., M.D., Guy Maness, M.D., and 
H. William Scott, Jr., A'LD., Nashville, Tenn. 

TT YDROPNEUMOPERiCARDiuiii is a 1 ‘ave manifestation of disease. Shackelford/ 
1 I in 1931, made a review of this entity and discussed the findings in 77 
cases. Our attention was recently directed to the occurrence of lij^dropneumo- 
perieardium as a manifestation of benign esopliagopez-ieardial fistula. The 
development of such a fistula in an infant and the clinical problem wliicli re¬ 
sulted seem worthj^ of reporting. 

CASE REPORT 

T. Iv. (V. IT. H. #248643), an ll-month-old white male infant, was referred to the 
Vanderbilt University Ho.spital by his local phj-.sician for treatment of whooping couglt. 
Past history from the mother revealed that the patient had enjoyed good health with 
normal growth and development until 5 weeks prior to admission when he developed fever 
and cough. This gradually developed into a paroxj’smal cough which impressed the mother 
as being similar to the paroxysms of an older brother who had been diagnosed a.s having 
'hvhoQping cough" 3 weeks previously. The patient also had episodes of vomiting with 
the parox 3 -sms. Temperature at that time was 102° F., rectallj', and little improvement 
was noted for the next few days. The patient had a generalized convulsive seizure 30 
days prior to admission and was then examined by a local physician who made the diag¬ 
nosis of pertussis and gave three injections of hj’perimmune serum. Five daj’s later the 
child was admitted to another hospital for treatment of progressive respirator^' difRcultj-, 
cj'anosis, and continuing fever. He was treated with oxj-gen, humidified air, and daih- 
injections of antibiotics with a prompt fail in the fever to a normal range. His appetite 
improved and cough lessened but progressive respiratory difficult^' continued. He wa.s 
referred to the Vanderbilt Universitj' Hospital for further evaluation and treatment. 

On admission the patient appeared acutelj- ill. Rectal temperature was 100.4° F., 
pulse 140 per minute, and respiratory rate 40 per minute. There was no cyanosis and 
peripheral veins were not dilated. Both lung fields were resonant with a few scattered 
harsh rales present bilateralh'. The heart was normal, with no adventitious sounds. The 
liver was palpable one fingerbreadth below the right costal margin and the tip of the spleen 
was palpable. Blood pressure was recorded as 100/60 mm. Hg. There were no other signifi¬ 
cant findings. 

Laboratory stiidies revealed that the urine was clear microscopicallj' but contained two 
plus protein. Hemoglobin was T.3 Gm. per 100 c.e. and the white blood count was 36,500 
per cubic millimeter with 77 per cent neutrophils. Histoplasmin and tuberculosis skin tests 
were negative. Chemical determinations of the blood revealed carbon dioxide combining power 
22.5 mEq./L., chloride 94.8 mEq./B., sodium 120 mEq./L., potassium 5.3 mEq./L., non¬ 
protein nitrogen 24 mg. per cent, and serum protein 4.6 6m. per cent with albumin-globulin 
ratio 2.7/1.9. 

Prom the Department of Surgery, Vanderhilt University School of Medicine. 
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Roentgenograms of the chest ’i^ere interpieted as follows (Fig 1) ‘Films show 
an open safety pm undoubtedly l^ing in the esophagus with its point directed forward uul up 
w^ard The point distincth lies within the cardiac silhouette Ihert arc also scattered 
densities throughout both lung fields suggesting the presence of considerable pneumonitis 
Ihero IS broadening and mottling of the mediastinal shadow, possibly representing a 
mediastinitis '* 

The patient was placed in a Batson box and humidified ov\gen was administered 
Intra\enous fluids were started and 50 ce of whole blood was given Eight hours after 
admission esophagoscop^ was earned out (G Af) and a nistj open safetj pm was removed 
b> advancing the foreign bodj into the stomach, rotating, and then extracting the pm 
Jwo definite perfoiation could be demonstrated it that time The patient tolorited the 
procedure well and after intradermal testing was giien tetanus antitoxin 



Tig- 1 Fiff 2 


Fig^ 1 —Roenteenogram of the cheat obtained on admission to the hospital show ing open 
safety pin 

Fig 2—Roentgenogram of the chest obtained on the fifth hospital da> showing marked 
Increase m the size of the cardiac shadow air iluid le\cl In the pericardial sac and bilateral 
bronchopneumonia 

Cultures, reported on the second hospital daj, grew out Jscmiomoiins aerugniosa from 
a throat swab and coliform organisms from blood These organisms were sen<5iti\e to strepto 
mjem and chloramphenicol and these drugs were started Oral feedings were begun 2 
days after extraction of the safetj pm The child inudo little improvement on treat 
ment but no great change was noted until the fifth hospital daj when he suddenh npi eared 
moribund Examination at tins time revealed periorbital edema in spite of prevlou'! fluid 
restriction The liver and spleen had each increased in size and some peripheral eJenn 
was noted Tie heart sounds were muffled but no hrmt de moulin was audible An ininicdintt 
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chest roentgenogram revealed a marked increase in the size of the cardiac silhouette ivith 
an air-fluid level in the pericardium (Fig. 2). Venous pressure at this time was 340 mm. 
of saline. The electrocardiogram revealed low voltage and the neck veins were visibly dis¬ 
tended. 

The diagnosis of esophagopericardial fistula uith cardiac tamponade was made and oper¬ 
ation was carried out immediately. Using 0.5 per cent lidocaine hydrochloride infiltration 
anesthesia, a segment of the fifth costal cartilage was excised. The pericardium nas exposed 
and incised releasing 100 to 150 c.c. of sero.sangiiineous fluid with the distinct odor of Meade’s 
367, the infant’s oral nutrient. Immediately on release of the air and fluid, the infant’s 
color improved. He began to cry vigorously and to struggle on the table. The pericardium 
was sutured to the skin edges to ensure proper drainage by marsupialization. 



3.—Esophagogram obtained by 
which reveals a normal-appearing 


injecting lodocbloral on the sixth postoperative day 
esophagus witli no evidence of a functioning fistula. 


The early postoperative period showed a remarkable improvement. The child re¬ 
mained alert and the temperature fell toward normal levels. The enlargement of the liver 
and spleen and the peripheral edema regressed. However, slight edema persisted and after 
6 davs a low-grade fever was still present. At this time the patient was digitalized with 
little' improvement. Drainage from the pericardiostomy graduallj- ceased. Methylene blue 
was given by mouth as was lodochloral without demonstrating a functioning fistula either 
visually or fluoroscopically (Fig. 3). Oral feedings were then started in smal amounts 
and the patient maintained a slow improvement until the night of the tenth postoperative 
day when he again suddenly deyeloped marked respiratory difficulty, air hunger, and 
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abdominal di'^tcntion Roentg^enogram of the chest revealed a normal sized heart but bi 
lateral pleural effusion and a den'se scattered bilateral pulmouar} infiltrate The patient 
dotenonted rapidh and died on the eleventh postoperative dav 

Pertinent findings at necropsy were limited to the thoracic cavitv Approximate!} 
10 c c of clear fluid was present in the riglit pleural cavitv and the left pleural cavit} was 
obliterated bv adhesions The mediastinal tissues were edematous and inflamed Adhesions 
wore present between tlie visceral and parietal pericardium Two and one half centimeters 
above the e‘!ophagogastric junction on the anterior surface of the esophagus was a 1 mra 
perforation through winch a probe could be pas‘»ed The probe emerged through the pane 
tal pericardium adjacent and posterior to the junction of the right auricle and inferior 
\ena cava On opening the heart theie was a niuial thrombus on the posterior aspect of 
the right ventricular wall The thrombus was 05 bv 0 j cm in size and on cut section 
its central poition was noted to be purulent 

Tlic right lower lobe contained multiple elevated, hard, bluish nodules in the sub 
pleural area On cut section these areas vrerc tvpical of multiple pulmoiiarv infarcts 
and, in fact, some areas of infarction were undergoing suppuration Jricroseopic sections 
suiiported the fact that these wore mvcotic emboli IMultipIe areas of infarction wore also 
scattered throughout the remainder of the right and left lungs Cultures taken at the 
time of autops} grew out Psru(7omonns acrtij^inosa from the tracheobronchial tree and Candida 
alhuans from the minal thiombus 


COAlMrM 

IIjfli()piKunK)j)ciioaHluira Iins liepii locogmzccl as a clinical entitr im 
o\ei a huiulicd jenis 'ihacktlloul' eiedited the fiist documented case to 
Bnchetcaii" in lb4-i .Tames,^ m icMcniiig the same malady in 1D04, found 38 
eases ol hjdiopneumoiiciicaidium and of those only (5 lepiescntod an csophago 
pel leaidial fistula of benign oiigin Aeeouling to .Tames, Bnisf desciibed the 
fiist esophagopeiieaidial fistula in 1838 We haie been able to And C nddi 
tional eases lepoited since .Tames’s iciicn in 1904 The present ease is ap 
paientlj the tlmteenth ease to be lepoiteel (Table I) A lecent aiticlc bj 
MeUanieB lefetied to 11 cases of fistula sccondsij to benign conditions How 
ceei, the second case of Abbotf .and that of Diouct' weio omitted and the 
case of Chamboi^ was lefoiicd to .ns a benign iilcei when in fact it was sceond 
aij to an esophageal c.nitinonn 

The cases of esophagopeiicaidi.nl fistula aiising seeondan to neoplastic 
disease lia^o not been included in T.nblc I We feel that an nlceiated, pcifo 
lated neoplasm of the esophagus is piohahh beeond the hounds of cuiatne 
icspctne suigeij The appalling fact is that all 15 patients siifCeiiiig fiom 
benign esophagopeiienidial fistula base died The diagnosis was mnde elini 
eally in 8 eases, hj neciopse iii 4 and ml at the time of siiigieal mteieeiition 
Onl 5 4 of the 8 cases diagnosid tlmic illj wcic subjected to snigeij with 4 
postopeiitne deaths 22 houis 3da\s fldijs andlldajs lespectnclj The 
owei all moitalit) in the senes is 100 pei cent This is a discouraging lecord 
in a benign condition which should be aincnnhle to piompt snigical infenen 
tion and saiing of the patient s life The death of oiu p.ntient was due 
actuallj to a eompliention of the iiiitiil inioeaidial peiXoiation lathci than 
the pel leai dial opening All of the CMdcnee hcfoie death indicated functional 
tiosuie of the csophagopeneaidnl fistula 
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The physical findings of hydropneumopericardium are classical. The 
succussion splash or hridt de mouUn sjuiehronous ivith cardiac systole occurs 
ivith no other knomi condition. Cardiac tamponade which presented in our 
patient® has also occurred in 3 additional eases. The routine use of the 
roentgenogram should permit an earlier diagnosis before the physical findings 
of cardiac tamponade have developed. The demonstration of an aii--fiuid level 
in the pericardium establishes the diagnosis without question. 

The possibility of this condition as a complication of ingested foreign 
bodies must be kept in mind and early surgical intervention is mandatory if 
esophagopericardial fisttila is to be treated successfully. The condition of the 
patient wdll by necessity dictate a direct or indirect surgical approach. There 
can be no question that the procedure of choice would bo a closure of the 
fistula with adequate toilet and drainage of the pericardium btit mai'supializa- 
tion of the pericardium in an acutely ill, moribund patient could be lifesamiig. 

SUMMABT 

1. A ease of benign esophagopericardial fistula secondary to an ingested 
foreign body is reported. 

2. A review of the literature reveals that 12 other cases of benign eso- 
phagoperieardial fistula have been reported in the last century. 

3. The mortality of this condition has been 100 per cent. 

4. Although the diagnosis has been made cUnically in 8 oases, only 4 
have been subjected to surgical intervention. 

5. Awareness of the po.ssibility of this condition as a complication of in¬ 
gested foreign bodies by pediatricians, endoscopists, radiologists, and surgeons 
and prompt surgical intervention offer the only hope for improvement in the 
survival rate. 
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AN INVESTIGATION OF CARDIAC ARREST PRODUCED BY 
INJECTION OF POTASSIUM CITRATE INTO THE 
CORONARY CIRCULATION 

James A. Hehnswortb, M.D., Ralph IF. Sbabetai, M.R.C.P., and 
Joseph Margolian, M.D., Cincmnali, Ohio 


H eart-lung macliines are now employed siiccessfullj’^ in many centers and 
their use has permitted improvement in surgery for a number of different 
cardiac malformations. Optimum conditions for the correction of deformities 
within the heart will not be attained, however, until asystole can be induced. 
Although this is a radical concept, it is the conclusion of most investigators 
who have had e.xperience with surgery in the open heart during perfusion of the 
body. 

Melrose’s preliminary communication on elective cardiac arrest induced 
by intra-aoi’tic injection of potassium citrate solution’ has been widely received. 
The majority of investigators in this field have tried the technique and it has 
been adopted for clinical use by several leading centers for cardiac surgeiy.^’ ® 
Experience in our laboratory, however, aroused suspicion that this technique for 
asystole was the cause of serious myocardial damage. We therefore adopted 
this as an hypothesis and planned tAvo series of experiments to test it. The 
present report summarizes the first series. 


METHOD 


Dogs of medium size were anesthetized with pentobarbital sodium given 
intravenously and ventilation Avas maintained through a large endotracheal 
tube. One hundred per cent oxygen aa’Rs administered by a mechanical ventila¬ 
tor and soda lime Avas used for the absorption of carbon dioxide from the 
semiclosed system. Tlie femoral artery and vein AA'ere cannulated for pressure 
measurements. A bilateral thoracotomy Avas made through the fourth intercostal 
spaces and the sternum A\'as transected. In the groups of experiments in Avhich 
the vena caAms AA'cre to be occluded, these A-essels AA-ere isolated in the standard 
manner. The pericardium Avas opened AA’idely in all animals and the aorta Avas 
dissected from the pulmonary trunk for a distance of 2 cm. aboA^e the origins 
of the coi’onary arteries. A plastic tube (6 mm., i.d., and .50 cm. long) AA'as 
inserted into the left atrium Aua its appendage. The outer end of the tube Avas 
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passed througli the wall of the left chest and supported at a level of 15 era. 
below the left atrium This tube prorided the simplest system possible for 
rapid removal of alupiots from the left atrium 

Tlie first group of 5 experiments comprised one control series Tuo samples 
11 ere withdrawn from the left atrial tube for determination of the serum 
potassium level immediately prior to the test conditions. No potassium citrate 
was in.iccted but the vena cavas and aorta were occluded simultaneously, 
except in 1 experiment noted below. The pulmonary arteiy remained open as 



Fiff 1—The le\el of aortic occUi'iIon Is illustrate*! as «CJI as the site of jiotassluni citrate 
injection and the sjsteni for collection of blood samples from the left atrium The course of 
‘ i<«oldted caidiac circulation' Is shown bj the continuous arrow throiiirh serially numbered 
locations Kmphasls is laid on the recirculation of blood from the coronary sinus through the 
lungs and back Into the charnbera of the left side of the heart 

it did in all of the other groups Samples of blood wore taken from the left 
atrium at intervals of 10 seconds dining the 3 minutes of aortic and eaval 
occlusion, and the eoiicentratiou of scium potassium uas determined in each 
sample. These 5 animals were .allowed to lecovcr and after approximatel 3 - 30 
minutes, were subjected to the experiment outlined for Group 3. 

The second group of expeiiments included 10 animals. Two control samples 
were withdrawn from the loft atrium and inimcdiatel.v after this potassium 
citiate solution (2 c c. of 23 per cent solution with IS c.c of arterkriilood) 
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was injected into tlie occluded aorta so as to perfuse the coronary arteries, 
riie dose of potassium citrate was the amount required to arrest the heart. 
The vena cavas were not occluded in this series. Ten blood samples for .serum 
potassium determinations were drained from the left atrium after cardiac 
arrest. The interval between samples was approximately 10 seconds. 

The third group comprised 11 dogs in which potassium citi’ate in the 
same dilution was injected into the occluded aorta. Again, the amount injected 
nas just enough to cause asystole. In this group, however, the vena cavas were 
occluded simultaneously with the aortic occlusion. Sampling from the left 
atrium was identical in technique to that of the previous group. 

The last group, consisting of 4 animals, was an additional control series. 
The aorta and vena cavas were occluded and asystole was produced by injection 
of acetylcholine (100 mg. in 10 e.e. of physiologic saline) into the occluded 
aorta. Samples wei’e taken from the left atrium using the same technique 
employed in the preceding groups. 

Fig. 1 illustrates the course of the circulation through the heart and lungs 
and the site from which blood samples were dranm after occlusion of the aorta. 

The analysis of .serum samples for potassium content was completed without 
delay, using the Janke flame photometer. The variation in duplicate samples 
did not exceed 0.1 mEq./L. 

RESULTS 

In the groups of experiments in which potassium citrate was injected and 
in both groups of controls, the heart continued to contract effectively for 10 
seconds or longer after the aorta was clamped. During this brief period of 
isolated cardiac circulation the effluent from the myocardium was forced 
through the lungs again by the right ventricle. This blood flowed into the left 
atrium and ventricle, was pumped out once more and forced by the aortic 
obstruction to re-enter the coronary circuit. This may be clarified by reference 
to Fig. 1 where an arrow connects the anatomic sites, labeled seriatim. 

The levels of potassium observed in the first group of controls are given in 
Table I. A significant elevation of potassium contents was observed in only 2 
dogs, 17 and 19. The former may illustrate cliemical confirmation of a clinical 
impression. This animal had the aorta closed by accident 20 seconds prior to 
interruption of eaval flow, causing the heart to become greatly distended. The 
tone of the mvocardium never retuimed to noi’mal and when, a short time later, 
the heart was arrested with potassium citrate, it continued to lose potassium as 
shown in Table III. We suspect that acute cardiac dilatation of this type 
results in cellular damage and this, as has been sliomi by Harris is reflected 
in elevation of the potassium content of eoronaiy venous blood. The remaining 
experiments in this control series indicate that, in a short period of combined 
aortic and eaval occlusion, there is no significant change in the potassium con¬ 
tent of blood collected from the left atrium. 

In the second group of animals in which potassium citrate was injected into 
the occluded aorta, and the vena cavas were not occluded, a relatively large flow 
continued through the right heart until asystole developed. The results from 
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Tablf T POTVSSiUAt Con CEVTTATION i»f SFriAL Samplfs Fpoai Left Atkium Doping 3 
Minute Occlusion of Vena Cavas and Aoptv Without Injection of Potassium Citpate 


DOG NO 

I CONTROr LEVFL K IV LFFT VTTIAI 1 

Bi oon 

1 (mEq/Ja) 1 

PFAK lE^ED K IN LEFT ATPIAL 
SAJrrLFS 
(mEq /h ) 

17 

47 

74 

10 

3 G 

40 

20 

43 

45 

21 

54 

55 

22 

3S 

36 


tins gioiip aio listed in Table II Jlost of the licaits eontiacted 14 to 25 times 
after tlie stait of the potassium citiate injection Blood ivithdiami fiom the 
left atiiiim aftoi asi stole iias induced showed pcik lei els of potassniin in the 
lange of 10 to 30 inEq /L in the majoiiti of animals A eompaiison between the 
total dose of potassium administcied and the total amount leeoieicd in diainage 
fiom the left atiinm must be made cautioiish, because caleiilation of the 
lattei laliic is subjeet to eiioi of i an nig degiee It is eeitain, howeici, that 
in 2 of the gioup, Dogs 6 and 7, flic potassium iceoieied fiom the left atiiiim 
was in excess of the dose administeied This, in the light of the woik of 
Hams and Hamilton and thou colleagues,■* ■* maj indicate mxocaidial damage 


Table II Potassium in Seplil Samples Prom Left Atpium Foilowinc Aoptic Oociusion 
AND Aprfst With Injfction op Potassium Citrate 
(PULMO.NAT i Ar.TER\ AND VENA CUAS KOT OCCLUDED) 


1 

DOG 
NO i 

' NO IIEAPTnEATS 

1 FROM STAPT OF 
INJECTION TO 1 
1 ARREST 

1 

: coNTPor iE\Er 
' X I Eh r at; ium , 
CmEq/L) | 

1 

PEAK JF^EL K 
JEFT ATPIlil , 

(mEq/L) | 

1 

TOTAJ dose K I 

(mEq/L) 1 

TOTAI K 
PECOVEPED 

(mEq /L ) 

1 

10 

46 

08 

1 15 

0 53 


14 

3S 

20 5 

1 38 

1 03 

3 

60 

4 7 

26 0 

3 68 

1 80 

4 

6 

4 i 

5 0 

0 92 

1 0 

5 

22 

2 9 

8 i 

1 84 

0 5^ 

6 

20 

3 9 

31 0 

1 84 

2 50 

7 

TO 

24 

35 0 

253 

3 60 

8 

25 

3 S 

95 

1 61 

0 56 

9 

14 

35 

n 7 

1 38 

0 59 

10 

6 

25 

106 

0 92 

0 46 


Table III summaiizes data fiom Gioup 3, the animals with occlusion of the 
xeiia eaxas and the aoita and injection of potassium citiate In these c\peiiments 
thijonlv flow thioiigh the light heart was the loliime fiom the coionaiv simis 
The conditions of tins cxpeiniieiit coiiscqiicnth lesembled eloseh the teehniqiie 
einplojed foi potassium citiate asistole m clinical piacticc The loiitiieles 
eontinued with 10 to 20 eoiitiactions in the inajoiitj of expelinients aftei the 
stall of the potassium citiate injection The peak lei els of potassniin m left 
atiial samples diawn aftei aiiest exceeded 30 mEq/L in oiei half the animals 
Expeliments in 4 clogs, 11, 12, IS, and 19, denionstiafed a notable excess of 
potassium in blood collected fiom the left atiium aboic the amount injected 
into the coionaij ciiciiit Dog No 17 is not gioupcd with these 4 because of 
the change noted in the contiol peiiod and mentioned in discussion of Table I 
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Table III. in Serial Samples Erosi Left Atrium Following Occlusion of 

\ ENA Cavas and Aorta and Arrest With Injection of Potassium Citrate 
(Pulmonary Artery Not Occluded) 


DOG ■ 

NO. 

NO. HEARTBEATS 
FROM START OF 
INJECTION TO 1 
ARREST 

CONTROL LEVEL 

K LEFT ATRIUM 

(mEq./L.) | 

PEAK LETOL K 
LEFT ATRIUM 
(mEq./L.) 

TOTAL DOSE K 
(mEq./L.) 

TOTAL K 
RECOVERED 

(mEq./L.) 

11 

_ 

3.5 

90.0 

1.84 

2.4 

12 

10 

4.0 

49.0 

1.38 

1.85 

13 

9 

4.3 

36.0 

1.15 

0.86 

14 

9 

5.6 

31.5 

2.30 


35 

25 

5.6 

9.1 

7.36 

3.6 

16 

50 

4.9 

21.2 

1.84 

0.80 

17 

— 

5.0 

47.0 

2.99 

5.12 

18 

29 

4.0 

113.0 

3.45 

4.76 

19 

13 

3.4 

61.0 

2.07 

3.10 

20 

_ 

4.5 

22.0 

3.22 

1.67 

22 

20 

3.6 

18.1 

4.3 

2.5 


The highest levels of potassium for the individual experiments of Group 
4 (aortic and vena caval occlusion and asystole produced by acetylcholine) 
are given in Table IV. The peak values of potassium were slightly higher 
than the control values. This change was in the range observed in the first 
control series where left atrial samples were talcen during aortic and caval 
occlusion without asj^stole. 


Table IV. Potassium in Serial Samples From Left Atrium Following Occlusion of 
Vena Cavas and Aorta and Arrest With Injection of Acetylcholine 


DOG NO. 

CONTROL LEVEL K LEFT ATRIUM , 

(mEq./L.) I 

PEAK LEVEL K LEFT ATRIUM 
(mEq./L.) 

23 

3.9 

4.2 

24 

3.0 

3.5 

25 

4.5 

4.8 

26 

3.7 

3.5 


DISCUSSION 

This study is concerned primarily ivith the potassium content of blood 
in the left heart or entering it from the pulmonary circuit after asystole induced 
by the injection of potassium citrate into the coronary circulation. The 
relatively concentrated injectate perfuses the coronary system but ventricular 
contractions continue long enough to force the coronary sinus effluent back into 
the pulmonary circulation. The method of this experiment permits sampling 
of blood draining from the pulmonary A'enous system into the left atrium. 
Experiments of Groups 1 and 4 indicate that during the short period of ob¬ 
servation after occlusion of the aorta and vena cavas the potassium content 
of blood in the pulmonary vessels and left atrium rose 0.5 mEq./L. or less. 
Experiments of Groups 2 and 3 revealed a relatively high concentration of 
potassium to wdiich the left heart is exposed when asystole is induced by the 
IMelx'ose method. We suspect that these high levels of blood potassium may 
be correlated -with complications encountered in the left ventricle after use of 
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this tecliniqiie. In a significant number of the clogs in Groups 2 and 3, there 
was loss of potassium from tlie myocardium into the coronary venous blood 
and this strongly suggests tliat tlicre was acute injury to the heart. 


SUMM.Utr 

1. Experiments were done in which tlie level of potassium was measured 
in blood samples drawn from tlie loft atrium. The potassium rose very slighth' 
in a simple control group in which asj'stole was not induced. A similar slight 
rise was observed in another control group in which asystole was produced by 
acetylcholine. 

2. Two groups of animals were studied in which the heart was arrested 
by potassium citrate and blood samples were taken from the left atriiini. 
High concentrations of potassium were found in blood samifies from this 
chamber. 

3. Some of the animals subjected to potassium citrate asystole lost additional 
amounts of potassium from the myocardium. 

Tlie authors gratefully acknowledge the technical assistance of Mr. T. Payne, Mrs. T. 
"Wieho, and Mrs. B. Doherty. All potassium determinations were made by Mr. N, Keller. 
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THE LOCAL EFFECT OF POTASSIUM CITRATE SOLUTION 
IN ATRIAL POUCHES OF DOGS 


Jmies A. Hehnsworth, M.D., Ralph IF. Shabetai, M.R.C.P.fEdm.), 

]ohn E. Albers, M.D., and Paid /. Wozencraft, M.D., 

Cincinnati, Ohio 

T he MELROSE teelinique for cardiac arrest lias been adopted Avitli very little 
delay by several outstanding surgical centers.^’ ® When it is tried in the 
laboratoi'y and the animal’s life is maintained by total body i^erfusion, it a])- 
pears to be entirely reliable for the induction and maintenance of asystole. 
However, the rate of long-term survival after cardiac arrest by potassium 
citx’ate dux’ing total perfusion in dogs is stated only infrequently, and may be 
relatNely low.'* 

Our own experience with the method has caused us to suspect that myo¬ 
cardial injury may result from its use. An earlier series of experiments 
demonstrated that the left atrium and ventricle are often exposed to very 
high concentrations of potassium when the injection is made into the occluded 
aorta in the usual way.“ It is possible that pooling of potassium-rich blood 
m the left heart chambers is related to the abnormal tonic type of contraction 
of the left ventricle that has occasionally been observed foiloAving ai'rest of the 
dog’s heart Avith potassium.® We questioned AA'hether the high concentration 
of potassium Avithin the cardiac chambers could be harmful to the endocardium 
and subjacent muscle, and planned a simple experiment to explore this possi¬ 
bility. The present report summarizes the experiment, the second in a series 
of tAvo planned to test the hjqpothesis that use of the Melrose technique is the 
cause of myocardial damage in dogs. 


METHOD 


hlongrel dogs Avere employed and only those Avith signs of distemper Avere 
considered unsuitable for the experiment. The methods for anesthesia and 
ventilation Avere the usual ones used in this laboratory and described in an 
earlier report.® The blood pressure Avas observed by means of a mercury 
manometer attached to the femoral artery. Both pleural spaces Avere opened 
through short incisions betAA’^een the fourth and fifth ribs. The pericardium 
Avas opened through tAVO incisions, each one parallel Avith and A'^entral to tlie 


From the Department of Surgery, Cardiology Laboratory. Department of Medicine and 
Department of Pathology. College of Medicine. University of Cincinnati. 
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pliiemc neive on the conespondmg side The atiial appendages iveie easily 
lifted into the poiicaidial incisions and small foiceps with atiaiimatie blades 
•ttoie applied so as to occlude them at then bases as illnstiated in Pig 1 
Oeelusioii of the atiial appendage on one side seiied as i oontiol on the factoi 
of tiaiima The cLimped appendage on the othei side seiied as the experi 
mental pouch Blood ivas ivithdiaivii fiom the isohited pouch with a small 
needle and icplaced Mith a solution of potassium citiate Ijeakage fiom the 
piinctiiie site was piei ented hy a tine silk matticss sntiiie 



Fig- 1 -—The appendage of ench atrium was ele\atel ind occluded ■at its base with an 
atraumatic clamp in the experiment illustrated the empt> left appendage wna filled witlt 
potassium citiate solution The right appendage was «!ubjected to the same surgical trauma 
and served as a control 


The 1C animals in the expciiment wcie dnided into tivo gioiips The 
fiist included only 5 dogs and in these the cxpcnmental atiial poiieh n as tilled 
ivith 25 pel cent solution of potassium citiate The eoliime icquiied laiied 
fiom 15 to 4 0 ce and oeerdistention nas avoided Thus, in this gioiip, the 
total amount of potassium admuiisteied was snnilai to that cmplo^ied ehmealh 
but the solution was much moic coiieentiated since it was not mixed with 
blood 

The second gioup of 11 dogs lecci^cd iiotassium citiate in a iiioie dilute 
form Ill a pievious stiidj we foimd that with the ittehose technique the con 
eentiatioii of potassium in blood iccoecicd fiom the left atiiiim aieraged 30 
mEq/L“ In this gioup, thciefoic, the atii.d pouch on the expeiimcntal side 
was filled with potassium citiate solution in conccntiation ol 30 mllq /L 
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The forceps remained in position for 30 minutes and then the appendages 
weie released and allowed to retract into the pericardium. The potassium 
citrate was allowed to escape into the atrium at the conclusion of the first few 
experiments. This was invariable’' associated with serious arrythmias and, 
therefore, in ail subsequent experiments, the chemical was aspirated from the 
appendage at the end of 30 minutes before I'emoval of the atraumatic clamp. 
The appendages were removed later for microscopic examination and the pa¬ 
thologist (P. J. W.) was not informed which one was the experimental and 
which one was the control pouch. Animals that did not recover fully from 
the procedure were included in the study; the time interval hetiveen potassium 
instillation and death is given in Tables I and II. All survivoi-s were sacrificed 
on the third day after the experiment. 

RESULTS AND DISCUSSION 

Table I summarizes the findings in the group of dogs injected with the 
more concentrated solution of potassium citrate. Four out of 5 showed myo¬ 
cardial necrosis in the experimental pouch and none in the control appendage. 
This change was present in every animal that survived 24 hours or longer 
after instillation of the chemical. It is shown in Fig. 2 which is a photo¬ 
micrograph of the experimental pouch from Dog 401 in this series. Epicarditis 
and interstitial hemorrhage were the only changes observed in the appendages 
that served as controls. The characteristic histologic picture of the myocardium 
in control pouches is shoum in Fig. 3. 


Table I. Results in Animals in Which 25 Per cent Solution of Potassium Citrate 

Was Injected 


DOG NO. 

SURA'IA’AL 

(HR.) 

ATRIAL POUCH WITH POTASSIUM 
CITRATE 

CONTROL ATRIAL POUCH 

389 

72 

SeA'ere and extensive necrosis of 
nivoeardium 

Normal except for area of acute 
epicarditis 

401 

24 

Severe myocarditis witli scattered 
areas of necrosis 

Normal 

403 

72 

Extensive niA-ocardial necrosis Avitli 
interstitial liemorrliage 

Normal 

405 

1 

Normal 

Myocardium normal; extensive 
interstitial hemorrhage 

407 

40 

Widespread myocarditis with areas 
of necrosis 

Normal except for mild epi¬ 
carditis 


Table II lists the pathologic changes in the atrial pouches injected with 
the dilute solution of potassium citrate. Six dogs (416, 417, 420, 421, 423, 441) 
out of 11 in this group had necrosis in the experimental pouch Avhereas this 
change was not found in the control pouch of any animal in the series. Figs. 
4 and 5 are photomicrographs of the experimental and control pouches, respec¬ 
tively, from Dog 441. In 2 additional dogs (412, 413) the inflammatory re¬ 
action in the epicardium, myocardium, and endocardium was more seimre in 
the experimental pouch than in the control. Three dogs (426, 434, 435) 
shoAved changes in the control pouches as severe as those seen in the experi¬ 
mental side. It Avas diffleult, if not impossible, to determine if epicarclial re¬ 
action extended into the AAmll of a structure as thin as the atrial appendage but 
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Fip 2—^Photomlcrogr iph from alrnl pouch exposed to potassium citr'ite aoUitjon (2o 
per cent) and remoxed 24 hours Inter (Dot 401) There is severe mjocarditis with areas of 
necrosis 
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Figr. i—Photomicrograph from atrial pouch exposed to potassium citrate solution (30 
mEq./L.) and removed 72 hours later (Dog 4'11). Widespread inflammation is shown and 
some necrosis of the myocardium. 



Fig. 5.—Photomicrograph from control atrial pouch removed 72 hours after experiment (Dog 

441). There is slight epicarditis. 
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the changes ncie desciibed as piogiessing this way in 3 experiments (423, 434, 
435). Imvaid extension of opicaidial reaction would he inoio likely to result 
from trauma and infection than front the chemical agent instilled into the 
endocardium hut it was impossible to clarify this point by these experiments. 


TABtr II Eesolts in Ammais in 'Which IJii.ijte Solution oi Potassium Citbate 
ML\ s Injected 


POG ^0 

SURVIVAL 1 
(HR) , 

ATRIMj podcii with potvssiuvi 
C ixr VTE 

CONTROL ATRIAL POUCH 

412 

4S 

Ep/trtrdifis and small focus of 
nivoo'irditjs and endocardjtj*! 

Epicarditis 

413 

72 

Epicvrditis and focal mvocarditis 
and cndocirditis 

Epicarditis 

416 

48 

Epicarditis and focus of m}ocar 
(Ini necirosis 

Epicarditis 

417 

24 

Epicarditn and foci of mjocar 
dial necrosis 

Epicarditis 

420 

24 

Epjtarditn, necro«iis, hcmorrJiige 
and inflnmniation of mjocardium 

Epicarditis 

421 

24 

Epicarditn with difFu'^e mjocar 
ditis and patchy necrosis 

Epicarditis 

423 

72 

Epicarditis, patchj endocarditis 
and nnocardial necrosis 

Epicarditis with some extension 
into myocardium 

426 

24 

Epicarditis and focal myocarditis 

Epicarditis and focal myocar* 
ditis 

Epicarditis extending into 
mv ocardium 

434 

24 

Epicarditis cxtcDding into jnvocar 
dium 

435 

72 

Sciere patchy epicarditis extend 
inff into m 5 0 cardium 

Epicarditis, focal myocarditis, 
and endocarditis 

441 

72 

EpiCTrditis, endocarditis and 
myocardial necrosis 

Slight epicarditis 


These findings suggest that seiious iiijuiy to the dog’s lieait maj oeoui 
when it is exposed to coueentiatioiis of pot.issium eitiate used in the ilfelroso 
technique In this expoiinicnt, factois of injuiy to the atiium fiom manipula¬ 
tion and infcetion ■e.cic the same in the control side as in the atiiuiu exposed 
to the potassium salt Theicfoic, nc suspect that the myocaidial injiiiy was 
duo to direct effect of potassium citiate upon the heart muscle 

SUMMARV 

1 A description is gneii of an cxpeiiment in dogs m ii’Iuch both at lal 
appendages were isolated for- a slioit petiod One appendage nag used is a 
control while the other seired as a closed pouch which nas filled with otas 
Slum eitiate solution for 30 minutes The appendages Mere leuiove I affei 
varying intervals and examined micioscopicaily. 

2 Concentrated potassium citiate solution (25 per cent) caused imc 
cardial ncciosis in all 4 dogs that siiivircd 24 hours oi longoi 

3 Dilute potassium eitiate solution (30 niEq/L) caused a moie if''’'’’ 
myocaidial icaetion than rvas found on the control side in S out of 11 .viinii’' 

The 8 included 6 dogs with necrosis in the cxpciimontal pouch and S 
with inflammatory reaction more seveie than that found in the coue^P''’"^’''' 
controls — 
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The authors are indebted to Mrs. T. Wiehe for her technical assistance with these 
experiments. 
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SINUSAL STANDSTILL WITH VENTRICULAR AUTOMATISM 
DURING RETROGRADE PERFUSION OF THE CORONARY 
SINUS UNDER HYPOTHERMIA FOR DIRECT SURGICAL 
APPROACH TO THE AORTIC VALVES 

An Experimental Study 

C Aiassinio, dl D * L Boffi, A1D ,* and L Pozzi, /II D ,** 
rlotence, Italy 

D irect singieal appioacli to the aoitie \ahci> iieecssaiih leqiiiics the tin 
eoteiiiig of the aoitic oiifites of the coionnj aitiiies Theiefoic «e 
aio faced Mith ti\o lundaiiioiital dififieultiis (I) tlie mttimption of the coio 
nnv flow, and (2) the dangei of coionaij an embolism In ouUi to otci 
come those obstacles, emplojing the eaidiopulmoinij In pass tethmqne at 
noimal tempoiatuie, Lillelici and coMoiltcis' " employed coionaij peifusion 
dining the intenention At fiist this peifusion iias effected thiongh a dnect 
canmilation of the aoitic oiiflcts of the coioimi aittnes, Htei on, the same 
authois pioferied to use the letiogiade coioiiaij sums peifusion This tech 
niquo enabled the siugeon to tv oil dnectly on the aoitic lahos nith safetj 
siiieo the aoitic oiifices of the coionaij aiteiies become tempoianlj tians 
foiincd fiom aiteual loiitcs into iinoiis loiitis Almost at the same time, 
Bhiieo and his colleagues’ dei eloped a similai technique 

While the caidiopulmoiiai^ bipass, uitli the bodi at noimal tempoia 
tine, Icaics the heait unhuiued, the simultaneous use of the letiogiade pei 
fusion of the coionaij tiiclc can biiiig about seicial tj pcs of disouleis of the 
heait ilnthiii, sometimes eicii icntiiculai fibiillition as one diducts fiom 
the oiiginil aiticle by Lillchci and fiom pcisoiial comiiiuiiicatioii of Bailcj ■■ 
Then niteipietation seems to us uiicoininciiig 

As a laiiatioii of the aboic meiitioiicd tcchiiiqin (ictiogiadc coioiiaij 
sinus peifusion with bjiiass at noimal tcmpci itiiii), no liaie peiloimod a 
letiogiade peifusion of the eoioiiaij sinus uiidci Inpotheimic eondition iiitli 
a teehiiiquo alicadj dcsciibed In us in a piecediiig papei ’ 

In this slioit aiticlc lie ivish to illiisti lU an iiiiusii il disoidei ot tin heut 
ihvthm, iihieh has const iiitlj pieseiited itself in all the espciimcnts iiti- 
foimed Mitli the aboii meiitiomd mtthod It is an aiilijthiiiia uhich appeals 
gcneiallj altci li seconds to 40 sieonds fiom the stait ot the nnoisioii of the 
coionaij ciieic, a sinus il biadjeiidia lakes place and qiiicKB nieieases until 
a complete stoppage of the atiioieiitiiculai actnitj is icached Lalci on. 

Prom tlie S tnta Slarla Nuo\a Ho*!! itnl fJojenco Itilj 
Rectnctl foi pubHcatlon Feb 21 

•Department of SlllR:or^ Santa '>fnHn Isuona Ho«!pjtnl 
••Department of Carlloloirj Sinti Miirla. Nuov t Hospital 
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1.—This electrocardiogram is from a patient who did not have sinusal standstill. Before the beginning of the retrograde coronary perfu¬ 
sion, an atrial fibrillation takes place with ventricular frequency of 180 systoles per minute (A). B shows the atrioventricular dissociation 
reached 15 seconds after the start of the retrograde coronary perfusion. Ihe auricles continue to fibrillate while the frequency of the ventricles 
is 10 systoles per minute (as shown better in C). 
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an idio\entiiculnr centex enieiges xxhicli contiols the xentiicles nith a legnlax 
ficqiienej of 10 to 15 systoles pex minixte, xvlnle the aniieles aio in complete 
aiiest Sometimes this centei can be distuibecl bx the picsenee of some xen 
tiiculai extiasjstolcs When the ictiogiadc peifusion has ended and the 
noimal coionaij ciicnlation has begun, the distuibanco ceases and the sinusal 
ihjthm stalls again 

In some eases in xvliich, dining the picpcifusional phase, oiung to the 
sinus eaniuilation, the aniieles had begun to fibiillate and the xcntiitulai fic 
queney had iisen to 140 to 180 systoles pei minute, the beg'iiining of the 
coioiiaij letiogiade peifusion caused the sudden dissociation of the atiial 
actnity fiom that of the xpntiiele In fact, nhile the auiicles continued to 
fibiillate, the xeiitiieles ueio coiitiolled on the Ion fieqiiencj nhich ne haxe 
all eady mentioned (Fig 1) 

The meaning of this phenomena goes bej ond oiii scope AVc n oiild lihe 
to iiicntion that similai facts haie been obsciied, eithci bx oniplojing some 
oaidioplegie dings (in partieiilai, acetxlelioline'), oi bj pioducing coioiiaij' 
ischemia by placing a damp on the ascending aoita xUiicli mil block the 
coionaiy orifices' 

It should be noted that, xilicn the dcsciibcd tcelmiqiie has been used and 
vcntiieular fibrillation has appealed, it xias ohseixed onlx sexeial minutes 
aftei the letiogiade coionaij peifusion had been nifeiiiipted and aftoi the 
sjstemic ciiciilation had been put into action again 


SUXtllARY 

A peouliar disoidei of the hcait ilijthiii is doseiihed nhieh appeals dm 
ing the lotrogiade eoionaiy sinus peifusion poifoimod foi diieet suigieni 
appioaeli to the aoitie x ahes undei lijpotheimic conditions 

This aiihjthmia is lepiesentcd bj simisal aiicst taking pi ice 10 to I'l 
seconds aftei the start of letiogiade coioiiaij peifusion, xiliile the xentiieles 
aie coiitiolled by an iclioxentiiculai centci, xvhicli xias also piesent in those 
cases Ill xvhich an atiial fibiillation xxas taking place 
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AN OCULAR SIGN USEFUL FOR EXPERIMENTAL SURGERY 
WITH PUMP-OXYGENATOR 


G. N. Guastavmo, J. A. Wikinski, M.D., R. H. Andres, M.D., 

J. Ouinterno, ALD., and C. Donadei, M.D., 

Buenos Aires, Argentina 


A uthors in general agree on the possibility of acute lesions in the central 
nervous system during perfusion with a pump-oxygenator. In bypassing 
the heart and lung in the experimental laboratory, we routinely found an ac¬ 
curate sign of central nervous system lesions, which also proved to be of prog¬ 
nostic value. This sign was described in a previous paper' and further ob¬ 
servations have confirmed this data. We believe this sign may be of interest 
to those working in the techniques of extracorporeal circulation. In the lit¬ 
erature at hand we were unal)le to find any reference of this sign. For easier 
understanding we will present the behavior of the nictitant membrane (N.M.) 
and other ocular reflexes in the normal and conscious dog. 

The conscious dog shows (a) veiy strong periorbital, palpebral, and con¬ 
junctival reflexes (the first of these has a large reflexological area and the 
most sensitive part is that near the internal ocular angle); and (b) the 
nictitant membrane (N.JI.) is completely retracted over the internal ocular 
angle and is practically invisiljle. except for its pigmented free end. (Fig. 1, A 
and Table I.) 

In the anesthetized dog under deep anesthesia (a) the N.M. is completely 
relaxed and covers a large surface of the ocular globe; this, together with con¬ 
vergent strabismus, causes the cornea and iris to be invisible; (b) the peri¬ 
orbital, imlpebral and conjunctival reflexes are absent; and (e).the eyelids are 
closed (Pig. 1, R). 

Under light anesthesia (a) the N.M. begins retraction and the end of the 
cornea is shown; periorbital and palpebral reflexes appear now, and will be 
stronger even before the N.INI. is completely retracted (this is an important ob¬ 
servation) ; and (b) the eyelids are still closed (Pig-1, C and D). 

In the almost awake dog (a) the N.M. is partially relaxed (more than 75 
per cent of the cornea is seen); (b) A’ery strong periorbital and palpebral re¬ 
flexes are present (very slight friction produces blinking); and (c) the eyelids 
are closed (Fig. 1, E). 


From the Experimental Section of Cardiovascular Surgerj-, Instituto Argentmo de jpia&- 
n<5stico y Tratamiento, Buenos Aires (experimental work supported by uiiliams Foundation;. 
. Received for publication Feb. 17, 1958. 

»Head of the Department of Cardiac Surgerj', Third Surgical Clinic, University of Buenos 
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Tabie I 


PALPKBRAL and 
I’EKIORBITAL REFLEXES 

N.M. 

EYELIDS 

MEANING 

PO‘«itl\C 

Totally retracted 

Open 

Awake 

Ncg:ati\e 

Totally relaxed 

Closed 

Peep anesthe‘'ia 

Positive 

PartiuUy relaxed 

Closed 

Light anestUe'iia 

Negative 

Totally reti acted 

Open 

Lesion m central nervous 
system 


A patliologie sign, but a reversible one if its cause is rapidly attacked 
(prolonged hypotension, anoxic anoxia, microembolism, etc.), is that during 
the deep plane oi anesthesia, as well as during light anesthesia (a) the N-ll. 
begins quick retraction to the internal ocular angle; movement might fre¬ 
quently go on and finish retraction in a few seconds (when lesion is serious); 



Pip. 1. 


(b) there is absolute lack of perioibital and palpebral refle.ves eion if the A’ 11 
has complete^' disapjjeared from the ocular field; conical reflex is also 
missing; if anesthesia has been lightened before the .accident, periorbital and 
palpebral reflexes disappear; and (c) the eyes are open ,ind the animal seems to 
look but, of course, without seeing (Pig. 1, F). 

If, upon noticing tiiat the AhJI. is i-efraeting, the tronhie is localized aaii 
solved (as has happened to us on many occasions ivlien the pump-oxvgenah',' 
operator and the surgeon were notified) the N.Jl. spontaneously rela.xes o'-n’'’ 
and it returns to the position it had before. Under these conditions ti’’ '•’* 
will beh.avc ns a normal animal. 
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In all normal cases as described above, perfect recovery of the dog is as¬ 
sured. It will awake, answer a call, perform coordinate voluntary movements, 
walk, and even eat. In the pathologic cases as described above, the dog will 
not awake. It will recover spontaneous breathing, arterial pressure will keep 
within acceptable levels, and it will even survive for several hours but it Avill 
actually be in a coma, similar to that produced bj’- very deep anesthesia, but 
with a retracted N.M. and open eyes. It will feel no pain, perform no vol- 
untarj'' movement, and death will occur from respiratory or circulatory arrest. 

SUMMARY 

An ocular sign of prognostic value is described which has been observed 
in dogs during experimental cardiac surgery using a pump-oxygenator. 
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COMPLETE DRAINAGE OF PULMONARY VEINS INTO THE 
CORONARY SINUS—LEFT SUPERIOR VENA CAVA 
COMPLEX 

Darnel P Downing, Al D, and Hem) T Nichols, Al D, 

Philadelphia, Pa 

A nomalous insertion of call pulmonaiy \eins into \aiious components of 
the systemic -venous sjstem aie being leported with ineieasing fiequencj 
Surgical tie<atment has piovcd to be possible in some patients To the list of 
operable -vaiiations of the basic abnoimalitj we would add the situation en 
countered m a i ccently studied patient 

CASE REPORT 

V B, a 6 j ear old girl, ^as found to have a cardiac murmur at the age of 2Mt jears 
From the earh months of life the parent*: had noted prominence of the left chest She 
had always become fatigued and short of breath after brief ctertion Profuse perspirn 
tion was a feature even lu cool vveatlior There had been no cvanosi®, chest pain, ^jn 
cope, cough, or signs of cardiac failure 

On ph>sical examination tlte child was underdeveloped and undernourished There 
was no cjanosis There were no abnormal pulsations of the cervical vessels and the 
trachea was in the midhne The bony thorax was asvmmctncal, the left anterior chest 
being more prominent than the right The sternum was protuberant The lungs were 
clear The heart was not enlarged to percussion There was no thrill The cardiac rate 
was 96 per minute and there was a normal sinus rhvthm Tho second sound at the base 
to the left of the sternum was accentuated 1 plus A short, harsh srsfolic murmur an 
an early diastolic blow were hoard over the left thorax, best in the third interspace nf 
the sternal border The svstolic murmur could also be heard over the right chest e 
liver was not enlarged Peripheral puHc^ were full Tlie height wn*! 46 inches, wt lit 
41 pound*?, blood pressure, 90/50 inm Hg 

Laboratory data There were 13 5 grams of hemoglobin The hematocrit as 41 
per cent The electrocardiogram (Fig 1) showcl right venfncuhr hjpertro \ 0” 

films and fluoroscopy the pulmonary vascular mirking^*? were accentuated 3 us Ti** 
main pulmonary artery was not clearlv defined but was considered to be d ited Ti^ 
heart was enlarged 2 plus, with rounding of the left border (Fig 2) Tht right 
segment was somewhat prominent In the right anterior oblique view tliere wa. 3 
anterior prominence and an the left anterior oblique, I plus anterior and 1 plus 
prominence 

The data secured on cardiac catheterization are shown in Table I, ^ ^ 

catheter was introduced into a loft antecubita! re n, it parsed v la a per'i ^ 

perior vena cava to the right atrium and nght reatncle Jic intro hieed 
arm vein, it passed through a right supenor vena eava to right atnuni, ^ z 

pulmonary artery, and coronary sinu« There wa^ a marked step up^n 

^ A.*' 

TT Department of Pedlatr/cs and Surgerj K j 

Hospital Philadelphia. Pa 
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the coronary sinus. This persisted through the rigl.t heart and pulmonary artery. Ar- 
tena oxygen .saturation was normal. The mean pressure in the right airium and the 
sjstohc pressure m the right ventricle and pulmonary artery were somewhat elevated. 

On the basis of all the data, it was decided that a major portion of the child’s pul¬ 
monary veins emptied into the left superior vena cava-coronary sinus complex. 


TO 



Fig. 1. 


Table I. Pbeoperative (A) and Postoperative (B) Catheterization Data 



1 A i 

1 ___ B_ 

O 2 CONTEXT 
(VOh. %) 

On SAT. 
(%) 

pressure 

(MM. HG) 

On CONTENT 
(VOL. %) 

On SAT. 
(%) 

PRESSURE 
( MM. HG ) 

AV 




13.9 



ESVC 

10.8 



11.1 



LSVC (distal) 

10.1 



— 



LSVC (mid) 

11.5 



11.8 



IVC 

11.3 



13.6 



CS 

16.8 


(7) 

5.1 


(10) 

BA h 

15.2 



12.1 



RA m 

15.7 


(7) 

14.3 & 14.2 


(0) 

RA 1 

15.0 



10.8 & 13.3 



BV 1 

15.8 



14.4 



RV m 

15.3 


33/0 

14.0 


18/0 

MPA 

15.1 


32/16 

14.3 


15/6 

RPA 

15.2 



14.3 



SA 

16.7 

93.6 

100/62 

15.9 

89.8 

100/68 


AV—axillary vein. RSVC—right superior vena cava. LSVC—left superior vena cava. 
IVC—inferior vena cava. CS—coronary sinus. KA li, m, J—right atrium, high, mid, low. 
RV 1, m—right ventricle low, mid. MPA—^main pulmonary artery. RPA—right pulmonary 
artery. SA—systematic artery. 
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On Aug. 20, lOoG, she was operated upon (H. T. N.) through an anterior incision in 
the fourth left interspace. The left superior vena cava was found to be continuous with 
the coronary sinus, tlie proximal portion of the complex being hugely dilated. There was 
a localized continuous thrill over this area. The left pulmonary veins were dissected free 
and, were found not to communicate witK the left superior vena cava. A purtee-stnng 
suture was placed in the uall of tire coronary sinus and the structure explored with a 
finger. At the site of the thnll, a jet uas felt which was found to issue from a single 
orifice, superiorli and posteriori}*. Further exploration through this orifice indicated the 
pre«enco of a chamber into uliieh all pulmonary veins emptied. During this portion of 
the procedure, whenever the orifice ivas completely occluded, the patient would become 
very cyanotic. The finger could pass easily from coronary sinus to right atrium. 



fie. 2 


A purse-string suture was now placed in the wall of the left atrium near the ap¬ 
pendage. The exploring finger encountered a normal mitral valve. No pulmonar\ leins 
emptied into the chamber. In the postero-supcrlor portion of the intcrutrinl septum, a 
defect, admitting the finger tip, W'os found. Each time this defect was bJoched the 
peripheral pulse could not he palpated. 

It was obvious that all pulmonar}* veins converged to form a "chamber” which com- 
mumcatod with the loft superior vena cava—coronary smus complex. Systemic circulation 
was possible on]} because tlicre wa*» an interatrial communication through which mixed 
blood from the right atrium could pass to the left atrium, left ventricle, and aorta (Pig. 
3, A). Correction of the anomaly would involve the creation of a passage between the 
confluence of pulmonary vcin« and the left atrium and obliteration of that between pul¬ 
monary veins and coronarj 6inus. 

The Nichols guillotine knife was inserted along the finger into the left atrium and 
tlie septum betucca it and the common pulmonary vein ^‘clmmber^^ ' ’ ^ w ns 
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possible. Finger manipulation further enlarged this nem passage and there was now rela- 
tn-elj' unobstructed flow of piiimonarj vein Wood into the left atrium. The communica¬ 
tion between the common pulmonarj- vein and coronary sinus was then obliterated by 
multiple sutures (Fig. 3, B). 

The postoperative course was uneventful and the child was discharged on the tenth 
day. Throughout the period, a moderately loud s^'stolic blow was heard in the second and 
third left interspaces. The diastolic murmur was no longer present and the second sound 
at the base to the left of the sternum was normal. 




Fig. 3. —Course of the circulation before surgery. B, Course of the circulation postoperatively. 

Second Admission .—Fourteen weeks later she was re-admitted. Full activity had 
been allowed after a period of one week at home and her exercise tolerance was now 
reported to be normal. She no longer would become short of breath on brief exertion. 
To the parents she appeared completely asymptomatic. On physical examination the sys¬ 
tolic murmur was still present. She had gained 5 pounds. 

Lahoratory data: There were 13.3 grams of hemoglobin. The hematocrit was 43 per 
cent. The electrocardiogram showed no change. The data secured by cardiac catheteriza¬ 
tion appear in Table I, B. Cardiac catheterization was performed through the left brachial 
vein. On several occasions the tip passed through the coronary sinus into the left su¬ 
perior vena cava. There was no evidence of a left-to-right shunt into the left superior 
vena cava or the coronaT 3 ' sinus. Averaging all live venous inflow samples, there was a 
step-up of 1.8 volumes per cent in the right atrium. Leaving out the coronary sinus 
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sample, tlie step-up was only 0.3 3*olumes per cent. Ordinnrilj’ these figures would not be 
considered distinctive of a ieft-to-right shunt at the atrial level. However, the two 
samples from the mid-portion of the atiium contained a significantly greater amount of 
oxygen than did the other three, and the rise was continued tlirough right ventricle and 
pulmonary artery. It ivas considered that theie was a small left-to-right shunt at the 
atrial level. The pressure in the right atrium, right ventricle, and pulmonary artery was 
normal. 

The result of operation is considered to he excellent. Unfortnnately, 
there is evidence that the interatrial communication is .still of functional sig¬ 
nificance. AVhether this is an actual defect or a stretched patent foramen 
ovale is unknoivn. The eventual importance to the child also is unknown. 
However, it certainly does not pose the threat of the original condition. 

DISCUSSION 

The anomaI.r represents per-sistonce of the common piilmonarjr vein trunk 
through failure of its absorption into the wail of the left atrium. Instead, it 
came to eommxinieate with the left horn of the sinus venosus. 

By some the patient would be de.sci'ihed as having a triatrial heart. Prom 
our acquaintance with descriptions of “cor triatriatum” in the literature it 
seems obvious that most of these represent anomalous development of pul¬ 
monary veins rather than abnormal partitioning of the loft atrium. 

Once the anatomic situation is appreciated, the surgical therapy is rela¬ 
tively simple and can be performed rapidly. More effective than the incision 
and dilatation teolinique used in this patient would be an incision between 
the confluenoo of pulmonary veins and the left atrium followed by the use of 
a backward cutting punch and removal of tissue. 

SUMMART 

In a G-year-old child all pulmonaiy veins rverc found to drain into the 
coronary sinus at its junction with a persistent left superior vena cava. There 
was a small interatrial communication. A passage was created between the 
eonfliience of pulmonai'y veins and the left ati'ium; that hetiveeii the con¬ 
fluence and the coronary sinus was then obliterated. 

Postoper.ative catheterization demonstrated that the shunt into the coro¬ 
nary sinus was no longer present. There was now evidence of a small .shunt 
from left atrium to right atrium. Pulmonary pressure, somewhat elevated 
before surgery, was now normal. 



HUFNAGEL VALVE SURGERY FOR AORTIC INSUFFICIENCY 
Technical Considerations and Report of Cases 

William S. Conklin, AI.D.,* Jerome T. Grismer, yllD.,** and 
Justin A. Aalpoel, M.D.,'**'* Portland, Ore. 

I T IS generally recognized that the prognosis of patients with severe aortic 
valve insnfificiencj'- is extremely grave. During recent years concerted effort 
has been directed toward discovery of a sui’gieal solution for this problem. Of 
the Amrions approaches that have been reported none has proAmd as successful 
as the one devised by Ilnfnagel—insertion of a plastic ball-valve into tlie de¬ 
scending thoracic aorta. 

At best, the Hufnagel opei*ation must be considered palliative since it 
fails to improve the hemodynamics of the coronary and brachiocephalic circu¬ 
lations. HoAvcAmr, it does reduce by as much as 75 per cent the excessive Avork 
load to Avhich the heart is subject in the presence of aortic regurgitation. In 
all probabilitj'-, replacement of the damaged aortic valve Avith an acceptable 
prosthetic dcAUce Avill eventuallj’- be possible, thereby abolishing regurgitation 
completely. But consideralile time must elapse before perfection and Avide 
acceptance of such a procedure can be anticipated. In the interim, for those 
patients Avith clinical features Avarning of progressive deterioration and death, 
the potential benefits of a Hufnagel A-ahm should not be denied. Patients in 
such a perilous state have a life expectancy of approximately 1 year, or even 
less, despite the most rigorous medical therapy. Although the surgical and 
late mortality of the Hufnagel operation has been high, the majority of the 
patients aa'Iio surAUve the operation have been significantly benefited. Tm- 
proAmment in some has been dramatic. 

Insertion of a Hufnagel valve into the descending thoracic aorta requires 
temporary cross-clamping of this vessel. Interruption of the distal aortic 
circulation for more than 15 minutes may result in irreversible spinal cord 
damage and other serious or fatal complications. In the animal laboratory 
and autopsy room, practice insertions can generally be accomplished easily 
and rapidly by simply excising a short segment of the aorta and pulling each 
end of the aorta OAmr the appropriate end of the Amh'^e. In our early experi¬ 
ences Avith liAung patients, hoAvcA'er, Ave soon encountei’ed difficulties. The 

Received for publication March 6, 195S. 

♦Chief, Division of Tlioracic Surgery, University of Oregon Medical School. Portland, Ore. 
♦•Former Resident in Thoracic Surgery, University of Oregon Medical School. Present 
address: St. Louis Park Medical Center, Minneapolis, Minn. 

♦♦•Resident in Thoracic Surgery, University of Oregon Medical School, Portland. Ore. 


23S 



\ dome SC} 
N mil er 2 


UUFNAGEL VAIA'E FOK AORriG IN&OFFICIENCl 


239 


diso.ised aoitn ot these patients is likelj to ha\o tost its ehistioit} and to teai 
lendiJy On moie than one occasion ne lost lahi.ihlo tune nhen the .shoit le 
ti acted lip of a dnidcd aoita toio betueen the giasp of foiceps that iveie 
being used to pull it osei the cuff ot a lahc Toi a ■uliile ive tncd to aioid 
the potential ha/aids of such a delat by placing a temiioiaij bjpass aiotind 
the segment of aoita that nas to be occluded dining placement of the \nhp 
Clentually, liouesei, iiith suggestions coiitiibutcd bj laiious membeis of the 
opeiating team, a technique evohed uhich pt units aoitie oechisitm to be 
limited to loss than 5 minutes Since we uiideist.ind that othois haie been 
deteiied fiom peifoiming tins opeiation becausi o£ diffluilties siiiiilai to those 
nhicli ML ha\e eneouiiteied, it seems noith nhile to lepoit a technique nliieli 
has peimitted lapid placement of a \alie, the aoita hniing been occluded, on 
oeeasion, foi less than 3 minutes The use of a tcmpoiaii bjp.iss is no longei 
eonsideied neeessaij 


OPEniTIlE TPCHMQUF 


Foi the dofinitiie pait of this opeiation nc considoi that the opeiating 
team should include foui suigeons and tno sciub muses To each membei of 
this gioup aic assigned spedfic lesponsibilitics and, foi the benefit of those 
ivho maj be incspoiieneed, these aie leheaised imnudiately befoie the aoita 
IS clamped and the sahe insetted Constant iigilance on the pait of the anes 
tliesiologist and of the eaidiologist nlio is luoiiitoi ing the eloctiocaidiogiapliic 
equipment is olniouslj impoitant 

The patient is opciated upon in the light lateial dcenbitiis position A 
staiidaid posteiolateial thoiacotonn incision is used and earned tliioilgh the 
fifth intercostal space Shoit posteiioi segnunts of adioining libs aie le 
sected, aeeoiding to the need foi iiici eased esposnie It is sometimes helpful 
to use tivo Ill) spieadeis, one at (atli end ot the iioiiud Following cxploiatioii, 
the aoita is mohiliaed tioiii the oiigin of the left subelaiiaii aiteiij distallj, 
foi a laiiable distance, depending on the length and diametei of the plastic 
val\e that is selected foi use Disscetion aioniid the aoita iiiaj he Icdioies 
and time consuiinng, paitienlaily iiheii aoititis has pioduccd a gieat deal oi 
fibious tissue leaetion, as IS not iiifiequciitlj the case It inaj be iieeessai'j to 
diiide foui OI file pans of iiifeicostal aitciics, as uell as the bronchial art< iits 
that aic eneouiiteied 


tVe keep oui Ilutnagel vahes and then multiple jioint fixation rings con 
timiously steiile bj stoiage in 1 700 Zcphiiaii soiiitioii At least one i t each 
of the foui standaid sues should be available foi eieri opeiation ® At tie 
opeiating table the lahes aie nasbed and placed in a solution coiitaiiiing I*’ 
mg of heparin to 500 ml of noiiiial saline It is nnpoitaiit that the la/o'’' 
he handled onlj with the special \ ah e holdei * and tint seratchiim or iiiori'i"- 


•Formerlj Me kept Imo siUos of each size on hanj so a replacement M-n.,i,I sltmT* 
atailablc We found lioMCvcr that the number and unrenej of the"e 'n I 

require thia The \at\es are obtained from Bmnauick Mfr Co fit Me eeriTi*' c, 

20 Mass the anltc and nm, holders fiom Geo p Pillinr i So„ 
riilladelphia Pa. i- 
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of tlie inner surfaces of tlie valve or tlie A’^alve edges be avoided. A defect on 
a surface that is exposed to the blood stream may prove to be a site for tlirom- 
bus formation. 

The largest usable valve should be selected; but one should avoid choos¬ 
ing one that is too large, since time may be lost during unsuccessful attempts 
to introduce it. One must take into consideration, too, the length of the valve 
and the amount of the aorta that will be resected, in order to prevent kinking 
of the A^essel after the valve has been inserted. Since the maximum diameter 
of the valve is greater than that of the aorta, the reconstituted vessel will be 
displaced to the left. If too much of the aorta is resected there will be greater 



Fig. 1._preparation of descending thoracic aorta for placement of Hufnagel valve. 

difficulty in placing the valve and excessive kinking where the proximal end 
of the aorta joins the valve. The same will be true if the valve is placed too 
close to the aortic arch. We have never foiuid it necessary to resect more than 
2 cm. of the aorta, no matter how long the valve. Sometimes thei’e can be con¬ 
siderable discrepancy in tlie size of the aorta at its two divided ends, paiticu- 
larly in persons who have had syphilitic aortitis with proximal dilatation of the 
vessel. Under such circumstances it may be desirable to place the valve in a 
more distal position, where the aorta is more uniform in size. In any ease, the 
smaller end of the aorta must be used as a guide to selecting the size of the 
valve that will be inserted. 

The two nylon multiple-point fixation rings of the selected valve are 
prepared in advance by anchoring a strand of heavy silk (No. 3) into the 
circumferential groove of each Aidth four or five fine silk ligatures. These 
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rings are -then placed around the proximal and distal ends of the mobilized 
segment of aorta. A special ring-holding clami) with a ratchet is attached to 
each of these rings and the clamps are held open by the assistants who have 
been selected to close the rings over the cuffs of the valve after it has been 
inserted. Large Potts clamps (straight, angled, curved, or spoon-shaped, ac¬ 
cording to ease of placement) are also held open, proximal and distal to the 
rings, ready for occlusion of the aorta and isolation of its mobilized segment 
(Fig. 1). Another assistant holds one of two aspirators, ready to remove any 
blood that appears in the operative field. The surgeon holds long, straight 
scissors (Nelson) in one hand and Russian forceps in the other. The instru¬ 
ments that may be needed arc so placed as to be immediately available, all 
others being set aside. The surgeon then reviews the responsibilities of each 
team member and asks the anesthesiologist and cardiologist for an evaluation 
of the patient’s condition. 



Fie". 3 —Tnsertfon of Hufna&el valve. The lateral lip of the aorta is better elevated over 
uie valve cuff with 2 or 3 pairs of forceps. After the aorta has been completely divided a 
Semb forceps (sharp cun'c) serves well to grasp the free medial segment for traction while 
inserting the proximal end of the valve. 

At a signal from the surgeon, who has assured himself that everything is 
in good order, the aorta is occluded first at the proximal end and then at the 
distal end of the isolated segment. The following steps are next carried out 
deliberately, avoiding haste: 

1. The aorta is partially transected (about two-thirds) with Nelson 
scissors at the two points, 1 or 2 cm. apart, at which the ends of the 
valve will he introduced. 

2. A longitudinal cut is then made between the two partial transverse 
cuts, dividing the intervening segment of the aoita into two equal 
“side straps’’ (Fig. 1). 

3. The surgeon is handed the selected valve in the valve holder and 
he cheeks to make sure that the valve is properly positioned ' 

4. The surgeon slides the_ distal end of the valve along the medial 
(uncut) wall of the aorta into its open distal end, as he a'nd an assist¬ 
ant lift the exit, lateral portion of the aortic ix'ali over the eufi,-.^f rt" 
valve and past Its groove xvith txx-o pairs of Russian foreepf 
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5. When this end of the valve is snugly in place, Avith sufficient aortic 
lip over the edge of the A’^alve, the selected assistant brings up the 
plastic i-ing and secures the aortic lip in the groove of the valve euffi 
by closing the ring-holding clamp. The ratchet of the clamp locks 
the ring in place. 

6. The surgeon diAddes the remainder of the aorta at the site of the 
distal transAmrse cut. Potts 60-degree scissors are useful for this pur¬ 
pose. The proximal stimip of the aorta retracts eephalad. Still at¬ 
tached to it is the segment of the aorta Avhieh Avill be resected and 
this segment AAdll serve as a very useful “handle” and “guide” for 
the next step. 

7. The end of this segment is grasped in a Semb forceps (sharp 
cui-Am), or its “side straps” are gi’asped Avith tAvo pairs of Russian 
forceps, and traction is applied to it. Using its medial surface as a 
guide, the surgeon slides the proximal end of the Arnh’^e into the corre- 
sponding aortic stump, the lateral free edge of the aorta again being 
lifted onto the Arnh’^e cuff Avith forceps. 

8. The proximal end of the aorta is fixed to the valve cuff Avith the 
multiple-point fixation ring, as Avas done at the distal end. 

9. The surgeon punctures the aorta close to the valve Avith a 20-gauge 
needle on a Luer-Loek syringe Avhich has been partially filled Avith 
dilute heparin solution. He attempts to fill the Amlve chamber Avith 
the solution, aspirating as much of the contained air as possible. 

10. The syringe is removed and the open needle is held in place Avith 
a clamp so that residual air may escape through it as the distal Potts 
aortic clamp is opened and blood enters the A’^ahm from beloAv. 

11. The proximal Potts aortic clamp is opened gradually. The valve 
immediately begins to function. It is felt that this proximal clamp 
should be opened over a period of perhaps 3 to 5 minutes, depending 
on changes in cardiac rhythm and rate, and on the response of the 
blood pressure. Since aortic circulation has been re-established, time 
is no longer a primary factor. 

12. As soon as possible, the hcaA^ silk ligatures in the grooAms around 
the valve rings are tied, even before the proximal aortic clamp is com¬ 
pletely opened or removed. This permits removal of the ring holders. 
Stainless steel Avires (No. 26) are then threaded through the holes in 
the rings and tied, to hold the rings securely and permanently in place. 

During the period that the aorta is clamped, even though brief, the blood 
pressure proximal to the clamp may rise to extreme heights. On occasion Ave 
have used a short-acting hypotensive drug (Arfonad) to counteract this. 
Should marked tachycardia or drop in blood pressure occur after the aortic 
clamps liaA'e been remoAmd it may be adAUsable to reeompress the aorta, at 
least partially, until stabilization results. 
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AVe have not encountered major bleeding from the aortico-valvular junc¬ 
tions. Some bleeding has occurred from between the fixation points, particu¬ 
larly at the proximal end of the aorta when it is significantly larger than the 
distal end. Sueh bleeding is readily controlled by tightening the euft' with 
4-0 arterial silk sutures or by the next step, which is carried out in any case. 
This involves placing strips of Ivalon sponge or plastic fabric about the aorta, 
above and below the valve rings, so as to tighten the aortic walls snugly to 
the free ends of the valve which protnide beyond the rings into the lumen of 
the aorta. As Hufnagel has indicated, these tightly semi strips obliterate the 
groove between the aortic wall and valve edge, decreasing the likelihood of 
thrombus formation at these sites. If these strips cover the valve rings as 
well as the valve ends, they are less likely to slip out of position. 

In the past we have also semi a sheet of Ivalon sponge around the main 
portion of the valve, believing that this served to muffle the noise of the valve 
to a considerable extent. The Ivalon sheet will no longer be necessary for this 
purpose, since “silent” valves are now available. But it may still have some 
value in that it serves as padding between the valve and the spine and it also 
helps in anchoring and stabilizing the valve, since the pleural edges can be 
sutured to it. A single sheet of sponge can be used for both purposes—to 
cover the valve and to cinch up the aorta around its ends. The remainder of 
the operation does not differ from other major thoracotomies. AVe have used 
closed pleural drainage routinely. 

The postoperative management is similar to that of other major thoracic 
operations. Drainage tubes can generally be removed within 1 to 3 days. AVe 
have felt that routine use of prophylactic antibiotics is desirable, because of 
the foreign bodies that have been introduced. AVe have not used anticoagu¬ 
lants, but it may prove advisable to do so. There seems to be a tendency for 
the red blood count to drop off during the early postoperative course, possibly 
due to valve trauma. Hematologic studies should therefore be carried out at 
frequent intervals until the red count and hematocrit have become stabilized. 
It has been our arbitrary practice to defer ambulation and hospital discharge 
for these patients longer than for most. Gradual ambulation has generally 
been started on about the third postoperative day and most of the patients 
have been discharged near the end of the second week. 

SnKGIC.VL RESULTS AND EXPERIENCES 

Our experience with Hufnagol valve .surgery includes 21 cases between the 
ages of 10 and G3. Of these, 3 were in the second decade of life, 3 in the third, 

4 in the fourth, 7 in the fifth, and 2 each in the sixth and seventh decades. 
All had severe aortic regnrgit.stion, and all but 1 had developed signs and 
symptoms of ominous import. The child of 10, originally explored for a 
patent ductus arteriosus, was found to have a sinus of Aialsalva aneurysm 
which was obliterated with mattress sutures 0 %’er pieces of Ivalon sponge. Bet- 
rogradc aortography during the operation and angiocardiography after it 
failed to reveal a rupture of the aneury.sm with a Icft-to -,' ■ ' , f .yA-anse 
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of severe aortic regurgitation, attributed to a dilated valve ring (Marfan’s 
syndrome), a Ilufnagcl valve was inserted 2 months later. The child’s re¬ 
sponse to this surgery has been considered good. In 5 of the remaining pa¬ 
tients, aortic insulSciency was attributed to syphilitic aortitis. Eheumatic 
aortic valvular disease was considered the basic etiology in the remaining 
patients. 

Three patients died on the operating table with terminal ventricular fibril¬ 
lation and asystole. In one of these the ventricular fibrillation appeared 
during a 4 to 5 minute occlusion of the aorta. In the second, it occurred after 
the valve was functioning, following a 10-minute occlusion of the aorta. The 
thud patient, 61 years old, had had a left pneumonectomy for chronic sup¬ 
purative disease, with multiple lung abscesses, 2 years previously. At autopsy, 
he was found to have severe aortic insufficiency, moderate aortic stenosis, mild 
mitral stenosis and insufficiency, severe generalized arteriosclerosis, and mod¬ 
erate coronary sclerosis. Total aortic occlusion had lasted 15 minutes. Car¬ 
diac arrhythmia first developed several minutes after good valve function had 
been established. In an early case, death occurred on the third postoperative 
day with acute renal shutdown and paralysis of the lower extremities. Her 
aorta had been occluded for a prolonged period due to technical difficulties. 

A recent 63-year-old patient died a week following surgery with aciite ful¬ 
minating septicemia. 

In addition to the 5 hospital deaths there have been 4 late deaths. In 
one of these, death was not directly related to the valve disease or to the Huf- 
nagel operation, which had been performed a year and a half previously. 

• Death was due to peritonitis which followed gastrectomy for ulcer and a sec¬ 
ondary laparotomy for acute bowel obstruction. This patient did, however, 
have thrombosis of the right external iliac artery which had begun to manifest 
itself before the gastrectomy was performed and is presumed to have been 
embolic in origin. Another patient died a year postoperatively with acute 
bacterial aortitis. This patient, although improved early, had increasing 
anginal pain. His family physician referred him to a neurosurgeon who per¬ 
formed a thoracic sympathectomy which was complicated by an empyema. 
The aortitis developed soon thereafter. A patient who had had a bowel resec¬ 
tion for mesenteric thrombosis 1 month following his Hufnagel operation died 
suddenly 3 months following it, while visiting with a friend. His “valve noise 
suddenly stopped.” He had had previous episodes of arrhythmia and it is 
believed that terminal ventricular fibrillation occurred. The fourth patient 
died in a shock-like state, with cold, pulseless lower extremities, 5 months fol¬ 
lowing surgery. Permission for autopsy was refused. 

Of the 16 patients who survived the operation and left the hospital, all 
were considered to be at least temporax’ily improved. All those who still sui- 
vive, except for the most recent one, have returned to their previous occupa¬ 
tions. Since the prognosis of almost all these patients was considered^ to be 
extremely grave, we consider the over-all salvage to have been gratifying. 
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despite tJie high Cciil) and late inoitaht 3 An 18 jeni old boy nas tlie onli pa 
tient •nhose prognosis ivithoiit snigciy was thought to bt lelatiich good and 
he has done exceptionally well All of the otlieis had been in failiiie oi thii 
had seieio angina, episodes of sjneope oi both The fiist of these patients, a 
60yeai old Negio man, ivas opeiatcd on in Apiil, 1954 Ills lesponse uas 
excellent and has been maintained, although ho has been lehospitalii’td seitial 
times foi acute alcoholism 

The high ineidence of tinomboembolic complications, eailj and late, pic 
soiits a SCI ions pioblem Those piobablj occniied in 5 of the 21 patients 
The incidenoe has been lonci since oiii pieseiit technuiiie became est iblished 
in Januaij^ 1956 (1 in 9) but these patients have not been followed foi as 
long a poiiod of time Oiii expciicncc does indicate that eailj opeiatno 
mortality is lelated to the length of aortic oeclnsion Theie vveie no opeiating 
loom deaths among the 9 patients opeiatcd upon bj' oiii pieseiit technique 
and the only hospital death was due to septicemia Aoitic occlusion was 
limited to 5 minutes oi less in all of these patients except 1 In this case, one 
of the multiple point fixation iings of the selected valve pioved to be di ftetiv e 
Despite having been tightly fixed in position, it twice slipped off the valve 
eiifl, with loss of cousideiablc blood A diffeient iing was cmplojed foi the 
thud fixation and this held seciuelj’' The patient, who has made a good le 
covtiv', had fhice pciiods of aoitie ocelnsioii, totaling peihnps 12 to 16 niiii 
utes Theie woie, hoveevei, peiiods of aortic blood flow between occlusions 
Since this expeiiciicc when a nylon iing seems to fit too loosely we now take 
the pioeaution of shaving oft, with a se.ilpel a little of the plastic fioni the 
notches at its ends 

It IS not unusual lot a suigeoii to be discouinged bj his eaily cxpeiieiioes 
with a new teehniqiu and to find that lesnlts impiove as its potentialities au 
iuitliei exploied and moie and iiioie of the pitfalls nie avoided oi ovcieome 
Atcejitiiig the fact that this opeiation is not ideal, in that it does not loiieet 
the phv siologic pi oblein completely, we ai c com meed that it does ha v e ))i ov e d 
value and that it should coiitimie to be iccommencled foi patients who aie ii f 
likely tosiiivive until a moie complctelv icstoiative procediiie becomes av d 
able ^Yo leeognwe that the iiioitalitv has been veiy high ITc believi lint 
It will be less high in the Intuit The opeiative iisk will doubtless h niii 
gicat foi the patients most uigeiitly in need of help—those with veiv iaigc 
heaits, 111 chionie failuie, etc—^iio matter what suigica! pioceduie mav he 
come available For such patients, however, a eoiisideiahle risk seems accept 
able if an opeiation offeis bettei than a 50 per cent chance of pioloiigi"? 
then lives and relieving then symptoms 

SUXIMVBY 

IVt have peifoimed the ITnfnagcl opeiation foi aoitie iiLsufliciem' 
patients Thieo of these patients elicel on the opeiating table with lerini’"' 

V ontriculai fibiillation In addition theie vveio 2 hospital'deaths .wd ^ 
deaths In 6 oi 7 of these patients (about 33pci cent) de.ath emi be 
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clii-ectljr to the operation and its complications. Experience indieat(is 1hat re¬ 
finements in technique will go far toward reducing this high mortalit 3 \ The 
technique which we presently use is described. 

The 12 patients who survived have all been signifieantlj’- imi^roved and, 
exce]}t for the mo.st recent one, have returned to their preAdous occupations. 
We believe that until an operation is devised which can abolish the regurgita¬ 
tion completely, Avith as great or greater safety, the Hufnagel operation should 
be recommended for patients Avith severe aortic regurgitation Avho have de¬ 
veloped ominous signs. 

ADDENDUM 

Two additional patients are doing well over .1 months following their operations. On 
tlie other hand, a young man of 20 years of age, who was the most recent of the cases reported 
above, after marked initial improvement, developed a fulminating septicemia and at autopsj' 
was found to have a large thrombus in the valve. 

One of the authors (tA’. S. C.) has proposed that insufficiency could be eliminated for 
all but the coronary circulation if end-to-side shunts were introduced from below the Hufnagel 
valve to the innominate and left common carotid arteries, after which these vessels and the 
left subclavian artery would be divided. Preliminary work with animals for development 
of such a technique has not been carried out and it does seem that successful excision and 
replacement of the aortic valve proper, under cardiac bypass, will be developed and should 
provide a better solution to the problem. 
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SOME CLINICAL AND PATHOLOGIC ASPECTS OF 
COARCTATION OF THE AORTA AND 
AORTIC ARCH SYNDROME 

A Tentesiatt AID, and A An a), A/I D, Buda(>est, Hnngai) 

M vw PBODi rMs eonet'ining the coaictatioii of the noita lemain iinsohed 
The aiea of eoaictation and the pathologj of the coaietation piopei ha^c 
been the subject of e\tensne studies Hoxie^ci, ^eu little attention has been 
paid to changes in othei paits and in the blanches of the <101 ta The prohlonis 
eonceining the collateials nhieh aie so iiiipoitant ftom the point of non of 
snigeij, aicfai fiom being sol \ed 

It IS assumed that aoitie eoaictation is caused b\ a developinontal disoidei 
■nhieh oeeuis dunng the eaili necks of intianteiuic life bj the failute of 
union between the paits of aoita ginning fiom the heait anlage and those 
fioin the blood islets This explains the laiious foims of coaietation the 
iniious loealwatious, ns well as the fiequcntly obsoned changes in othci lilood 
vessels, such as the blanches of the aoitic aich and the intoieostal aiteiies' 
We believe that the devclopinental disoidei will not alnavs be lestiieted to the 
aioa of coaietation piopoi Vaiiable changes ml) occui in the ascending 
aoita the immediate piestenotie segment as nell ns the post stenotic men In 
such cases the ascending aoita is cithci 1101 mal 01 hjpeitiopine, nhilo the seg 
ment immediately pioximal to the site of coautation is often hypoplastic in 
its entire length, in spite of the fact that s-vstolie piessuie is much highei than 
in the post-stenotic aiea In addition, the posteometation aica itself is also 
abnoimal, eaily in its development it shows hjqioplasia while latei on second 
aiy degonciation develops as a lesult of diminished pulse amplitude, affecting 
mainlj the media” The weakened vasciilai wall is then locallj dilated bv tin 
voitex effect leading sometimes to aneurysm foimntion and luptnie ’ 

The development of the postcoaictatioii dilatation maj be tiaced link 
to the following causes 

The changes occui ling in the iiiipeimost dilated intei costal aitciies whnh 
solve as collateials, cannot bo eonsidcicd to be due to a simple eompensatoij 
offoit 01 to an hypeitiophy It has been found that within 3 to I cm fioin 
the aoita, these aiteiies aie thin walled, cxcessivelv dilated and do not pul 
sate Toi this reason the iihs in this .iiea show no eiosion In these segnuills 
the media is iielici in elastic fibeis and clastic elements aie rekativelj nioic 
abundant than musciilai elements wlun compaied with the media of 1101 mal 
museulai tjpc inteicostal aiteiies (I’lg 1 ) Pciiiiheial to this segment the 
inteicostal aiteiies aio thinned and a line “stiietuie” is visible in an aiea 
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^ CGiitinictcis ill loiigtli, clisttil to wliicli aiiotlicr rclfitivcly cliltitccl segment 
oecuis; in the latter ai*ea the vascular wall is thicker^ tlie vessel pulsates in- 
tensively and is tortuous, forming multiple loops. This latter vascular seg¬ 
ment anastomoses with the collaterals coming from the hack muscles; the 
costal ciosion is caused by the loops and their j^ulsation. The segment tjeripli- 
eial to this is narrowed again until it reaches the internal mammary artei'y. 



Fig 1— A, Normal mteicostal arteri (control) 

B, Dilated collateral mteicostal artert with a diameter of G mm 

C, Dilated collateral mteicostal arten with a diametei of 8 mm 



Thus, ill the single intercostal collateral there are two narrowed and two 
dilated segments (Figs. 2 and 3). It is believed that here, too, the strictures 
arose at the sites ol union of segments grown from a single anlage. The tn o 
dilated segments differ in behavior; the one next to the aorta does not pulsate, 
while the periplieral, convoluted one shows marked pulsation. We have been 
unable to find in the literature any explanation of this phenomenon. It is 
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equally unknown why a certain area of these vessels is of such a tortuous 
coui'se. As one tries to interpret these observations one is not even certain 
whether in every intercostal collateral artery, or throughout its course, the 
direction of blood flow is toward the aorta. These problems have been sub- 
ieeted to further studj’. 

Not infrequently the left subclavian artery or the other major branches 
of the aorta show signs of hypui>lasia, similar to those seen in the intercostal 
arteries. The left subclavian artery is freqiientlj' stenosed or totally obliter- 
fited. However, this i.s restricted to only one segment of the vessel. The 




Fifr. 4.~D. A , iiiale, at'ed 25 years. Hypoplasia, of the left subclavian artery, Pliotograplioti 

tltirinff operation. 

obliteration i.s often not at the site where the artery branches off from the 
aoi'ta but a few millimeters distal to it. The artery re.sumos its normal diame¬ 
ter in most eases at the site of its division, resulting in a dumbbell patteni 
(I’ig. 4 ). 

This type of stenosis affecting the big arteries branching off from the 
aorta, as it occurs in association with coarctation of the,aorta, presents a pat¬ 
tern closely .similar to that seen in ease.s of aortic arch,.syndrome Although 
it is nnqucstionable that the latter may also he due t- ' • ' v . ' 
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artei-itis, the close vescmljlaoce makes it quite likely that in some of the eases 
of aortic arch syndrome a developmental disorder similar to that occurring in 
coarctation might be involved, Here, too, the stricture may develop at the 
site where the vascular buds growing from the different blood islets unite and 
this would explain also the segmental, cireumscribed nature of the abnormality. 
The pathologic change might develop in two stages. The primary change 
would he a developmental disorder arising during intrauterine life. The 
secondary lesion would be an inflammation affecting the histologically inferior 
hypoplastic Amseular wall (“locus minoris resi,stentiae") later in life. 

In one of our eases of aortic syndrome, histologic study has revealed that 
in the area of segmental obliteration, especial!}'- in the intima, the smooth mus¬ 
cle elements increased in number and showed unusual distribution, the isolated 
smooth muscle cells were .surrounded liy rings of flbroclastie tissue (Figs. 5, 
6, and 7). These changes suggest the jiresenee of a disorder of tissue develop¬ 
ment in the intima (hamartosis) that made the vascular wall susceptible to 
infection and thrombus formation. 



Fig. 5—Cross section of the innominate artery (big diamotei), the subclavian and the 
common carotid arteries In all thiee vessels, the media had been detached circularly tiom the 
intima, as a result of opeiation. The lumen was filled Mith oiganized thrombus, showing small- 
cahber i ecanalization 

The correlation of these pathologic observations with clinical and surgical 
findings leads to the following practical conclusions. 

Considering the different segments of the coarctated aorta, the surgical 
significance of the changes affecting them will be seen as follows. The ascend¬ 
ing aorta is of no significance as far as surgery is concerned. On the other 
hand, both the pre- and the postcoarctation segments are of decisive signifi¬ 
cance. In one of our patients (I. B., male, aged 17 years) it was found at 
operation that the precoarctation part of the aorta (about 2 cm. long) showed 
hypoplasia and a diameter much smaller than normal. Tlie subclavian arteiy 
had the diameter of an index finger and its wall, like that of the aortic arch, 
was sclerotic. After resecting the coarctated part of the aorta, an end-to-end 
anastomosis rvas done. Both above and below the coarctation the aorta was 
clamped by using a Crafoord clamp at each site. Owing to lack of space, the 
proximal clamp had to be placed higher on two occasions. When the anas¬ 
tomosis was completed it was found that at the site where the Crafoord clamp 
was first applied it had completely severed the intima and media of the aorta, 
which had been pulled apart by tension; this defect was bridged only liy the 
adventitia. For this reason the anastomosis had to be resected and a new 
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nnabtomosis perfoniied This, too, ■^^as damagecl The two failuics foiood iis, 
to flee the buhclavian aiteiy, to cut it high, luoximal to wheio it divided and, 
by pulling the end doun, to eieate an anastomosis hotwcoii the subelavian 
and the distal pait of the aoi'to. The thick iiostcoaietation aoitic nail nas not 
damaged by the C'lafooid clamp The patient made an uneventful vccovery 
and was disehaigod 3 weeks later. 


% 






t ^ 
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p,P 6—Hiulipo^sor Mu\ of the junct«on betnoen inUni i in) tliiombu** In the flbrotic 
timttei Oisarranffed Nolated smooth imi'scic cells enn be seen Tlicse t)o not form bimdlcs but 
Jie Jti different tliroctlons sciJaiattd b) fibroelostic tissue 



Fip 7—Hlffh power \iL\\ of the fine flbioclistic netuorK sepaiatlnif the disarrantrf<I 
smooth muscle cells the nuclei of which can be seen falntlj in the meshes of tlie clastic /Ihcrs 
(\^elffe^ts elastic stain) 


An anastomosis made nilh the lijpojilastic aoifie pieeoaictation .segment 
may lead to even more seiious eoniplieafions Tiie pieeoaictation aortic seg¬ 
ment of N. S. (male, aged 20 yeais) slumed hipoplasia nhile the postcoaieta- 
tion segment nas cnoimonsly dilated. After icsccting the coaretated pad. the 
tno aoitic ends ncic united h.v an eiid-to-cnd anastomosis. Mo hicediiig "-d 
seen after the leloasc of the tlamps and no complications neie /iiirimr 
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the^ operation. Three weeks later the patient uas cliseliargccl free of com¬ 
plaints and was admitted to a depai tinent of internal medicine, where he spent 
an additional 5 weeks without having any significant complaints He then 
developed left thoracic pain. A few hours later he suddenly spit a mouthful 
of blood and collapsed. After developing severe dj’spnea, the patient died in 
a short time. At necropsy a small apple-sized, partly fresh and partly old 
hematoma was found at the junction of the arch and the descending aorta, 
surrounded by a connective tissue capsule, 2 to 3 mm. thick. At one point 
the connective tissue wall had broken through into the left supei’ior lobe of 
the lung. At the dissection of the aorta it was seen that on the prccoaictation 
side of the suture line there was a smooth opening, through which one could 
enter the sac of the hematoma. Higher up, in the preeoarctation segment, where 
it was damaged by the Crafoord clamp, there was a semilunar area coA’cred 
on the outside by the adventitia and on the imside by nervly groAvn endothe¬ 
lium. This, hoAvever, was not the cause of the hematoma (Fig S). A similar 



Fig 8—N. S. male, aged 20 jeais Post-nioitern specimen The ms 
hne (A) and supenor to it tiie impiession made the Ciafooici 


A lit: xii&uiiiuitriit p 




clamp (/?) aie Msiblc 


cause Avas responsible for the fatal outcome of another of our eases, 59 days 
after operation. The conclusion that can be diaAvm from these o eases is that 
an end-to-end anastomosis using a hypoplastic precoarctation segment, espe¬ 
cially under tension, may lead to very grave consequences. In the 2 latter 
cases, the sutures placed in the hyiroplastie piccoarctation aorta AAmll held 
well for some time, but a feAv Aveeks later single sutures cut the Avail as a re¬ 
sult of increased pulsation and tension. This took place in the preeoarctation 
segment only, Avlrile in tire posteoarctation segmeirt no damage was caused 
either by the sirtures, or by tire Crafoord instrument. For this reasorr avc ha\'C 
recently decided to use a Blalock clamp on the prccoarctaliorr segmerrt, placirrg 
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it anterioi to the subelanan aiteij , thus, it cannot slip and need not be closed 
tightly The piactieal impoitance of late svitiiic insufficiciioj is best illus 
tinted by the fact that nc have lost a total of 4 out of 20 patients opciafed 
upon, 2 of the 4 because of this complication 

The collateials uhioh open into the posteoai elation segiiicnt teai easily 
and can be ligated only uith difficultj 'When tho> aic ligated too close to 
the aoita, the silk tliiead mai cut them off the thick, haul noitio uall 5Then 
ligated moie distallj the incieased pulsation aftci the anastomosis has been 
made may luptiiie the stumps, lesultiiig in a seiions lieinoilinage Iftnee 
they should be ligated ici% caiefulh, iieai to the aoita if possible, but taking 
pieeautions to pieient then being toin ofl In neii of these difficulties 
Crafooid" has lecently decided not to flee these sessels and not to icsect 
them Thus the posteoai otatioii segment is not mobilized and the eomphea 
tions due to damage to the collateials aic asoidcd 

In D A, a 25jeai old male, the subclavian nitei) shoumg ln 7 )oplasia 
had been lesocted to ensuic an incieased luolnhzatioii of the aoitie aich and 
precoaictatioii segment The lattei, too slunicd hjpopl.asn and on the aoitic 
aioh, a citculai detachment was Msiblc pio\imal to the left common eaiotid 
aiteij Aftei the coaictated aiea had been icscctccl, the two ends weic muted 
by end-to end anastomosis As a lesnlt of the usettion of the snbi-laMan 
alien and mobilization of the noitie aieli, the sntnics ncio not under ton 
Sion The patient toloiated the opciation well and was dischaigod 2 weeks 
latoi, rocoieiod The mteiesting fcatuie m this case is the simultaneous oe 
ouuonee of aoitie maldoiclopmeut and suhclamu Iijpoplasia Although the 
lattei had pioied to be passable on letiogiade cithetoiization it could not 
ha\o plajed a significant pait in function, ns the patient had no collntenl 
eiieiilation on the left side, which accounts foi the absence of iib eiosiou tlicie 
Thus, the hypoplasia of the suliclaiiaii aitoij has the clinical significance tint 
Its resection repicsents no substantial loss and theiefoie it is woith while to 
sacrifice it in oidei to ensuie a bcttci mobilization of the piecoaictatiuii aoitic 
segment 

suaiM 

In the studies made thus far we weie coneeined mainh with those changes 
which oecui in cases of eoaictation outside the eoaictatcd aiea in the pic and 
posfcoarcfation segments of the aoita, m the liianclics of the aoitic aich and in 
the collaterals Anahzing these one In one in the light of pathologic eMdonee, 
we liaie endeaiorcd to show that all these latliei neglected and igiioied anatomic 
changes mai plai roles of considciablc impoitance in the snrgcin for eoaictation 
of the aoita, maj pioloundlj influence oui choice of the best smgieal method, 
and mav be of deeisne impoitance in the outcome, faioiable oi nnfavoiable, 
of operation 
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DEHISCENCE OF THE DIAPHRAGM ASSOCIATED WITH 
FRACTURES OF THE PELVIS OR LUMBAR SPINE DUE 
TO NONPENETRATING WOUNDS OF THE 
CHEST AND ABDOMEN 

Robert 1. Carhoti, M.D., Walter L. Diveley, M.D., Walter G. Gobbel, Jr., 
M.D., and Rollin A. Daniel, Jr., Al.D., Nashville, Tenn. 

I N THIS day of ever-increasing horsepower in the automobile engine, we may 
expect to encounter an increasing number of patients subjected to paz’tieularly 
violent trauma. We have recently seen 2 patients with extensive fractures of 
the pelvis and lumbar spine in whom dehiscence of the diaphragm also occurred. 
This prompted a review of our experience, and of similar eases reported in tlie 
American and British literature from 1946 through 1957, inclusive. Our 
interest is limited to those cases in Avhieh sudden and markedly increased intra¬ 
abdominal pressure caused the diaphragm to rupture. Cases in which there 
was an associated penetrating wound or in which the diaphragmatic injuiy 
was thought to be due to a fractured rib fragment were excluded. 

RESULTS 

In the review of patients treated at the Vanderbilt University and Thayer 
Veterans Administration Hospitals from 1946 through 1957, 9 patients with 
dehiscence of the diaphragm caused by nonpenetrating trauma were en¬ 
countered. In 6 of these 9 patients, a fracture of the bonj" pelvis and/or 
the lumbar spine was also found. Seven of the 9 patients were males and 
all 9 patients recovered. Summary of the findings in those with fractures 
of the pelvis and/or lumbar spine, together with the pertinent x-ray studies, 
are presented in Figs. 1 through^ 6. 

Although the interval between the accident and the patient’s admission 
to the hospital ranged from 2 hours to 4 daj^s, exploration was carried out 
in all patients within 5 hours after admission to the hospital. In 3 instances, 
a thoraco-abdoininal approach was used; in 5 cases concomitant but separate 
incisions were made into the chest and the abdomen; and in 1 ease the hernia 
was repaired through a thoracic incision. In 3 of the 9 cases, intra-abdominal 
injuries were found which required sui'gical care. In 1 case a lacerated 
spleen was removed. In the second case, a laceration of the left lobe of the liver 
required suture; and, in a third instance, a complete transection of the distal 

From the Surgical Service, Thayer Veterans Administration Hospital, and the Depart¬ 
ment of Surgery, Vanderbilt University Hospital, Nashville, Tenn. 

Received for publication April 4. 1958. 
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Fig 1—Age—27 Tear—1953 Etiologj—auto crash Inte^^al Prior to Hospitalization— 
3 das a Post trauma Extent of Diapliragmatic Tear—10 cm Associated Injuries—laceration 
of stomach 



_mine accident 

Pig 2 —Vge— 22 Tear—19o3 Etimas' ^ 

36 hours post trauma Extent of 


Intcnal Prior to Ho-»pltaHzatIon- 
vVssociated Injuries—none 
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ileum was found. This experience empliasizes the necessity for adequate ex- 
posuie of both the chest and the aljdomen in order that a complete explora¬ 
tion may be carried out. In all 9 cases, recovery from the procedure was 



Fig 3.—Age—20 Tear—1955. Etiology—run over by car Inter\al Prior to Hospitali¬ 
zation—2 hours post-tiaunia. Extent of Diaphragmatic Tear—16 cm. stellate. Associated 
Injuries—transection of ileum 



Ti-.n- i 90 Vpor 1957 Etiologi'—pinned by box-car door Interval Prior to 

Hospifahzation-I hours post-t. aunia. Extern of Diaphragmatic Tear—12 cm Associated 
Injuries—la eration of light lobe of Iner. 


complete and the patients were discharged from the hospital. The convalescence 
of 1 patient was prolonged because of a concomitant severe head injtiiy which 
required nearly 6 months of hospitalization. 
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DEYIEW OP THE LITERATURE 

The English language literature from 1!)46 through 1957 was reiuewod 
for case reports which gave sufficient data for tabulation. Many of the 
papers'’ which appeared during this period speak in generalities 



Flff. 5.—Affe—-13. Year—1957. Etloloffj"—auto crash. Interval Prior to Hospitalization— 
10 hours post»traunia. Extent of Diaphraftnmtlc Tear—16 cm. Associated Injuries—severe 
heart injurj’. 



Fitf. 6.— Arc —2-1. Year—1957. EtiOlOEn'—auto crash. Interval Prior to Hospitaliza¬ 
tion—-1 flays poat-trauiiia. Extent of Di'aplirag-niatlc Tear—12 cm. A.ssoclated Injurie.'!—tran¬ 
section of phrenic nerve. 


and do not give cnoiigli detail to determine the incidence of a.ssoeiated frac¬ 
tures of the bony pelvis or spine. This is unfortunate, for many of these 
report.s contain the large.st number of ease.s. A recapitulation of the find¬ 
ings in the individual case reports, including our own, is listed iuTTablos 1 
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and II. Evans and Simpson,^® in 1950, described 5 cases of traumatic rup¬ 
ture of the diaphragm associated Avith a fractured pelvis in 4 of the eases, 1 
of which is reported in the above recapitulation. On the other hand, Lam^® 
reported, in 1950, that at the Henry Ford Hospital during the pimdous 10 
years an acute traumatic diaphragmatic liernia had been diagnosed only three 
times, Avhereas during this same period 206 fractures of tJie pehus had been 
studied. O’Rourke and Jacobson,"*^ in 1955, reported that in 7 traumatic 
diaphragmatic hernias due to indirect trauma, 4 of the patients had an asso¬ 
ciated fracture of the pelvis. Donald and Clayton,^® in 1955, stated that a 
traumatic diaphragmatic hernia should be suspected in all fractures of the 
loAver dorsal and upper lumljar vertebras, particularly Avhen the fracture is 
due to jackknifing of the patient. 

Table I. Review op 99 Cases op Deuiscence o,p tiie Diaphragm Due to Nonpenetratino 

Trauma (1946-1957) 


Etiology 

Motor vehicles 77 

Automobile accidents 59 

Run over by car 8 

Hit by car 8 

Motorcycle accident 2 

Industrial and agricultural 

accidents ' 7 

Mining accidents 5 

Falls 5 

Miscellaneous causes _5 

99 


Associated Fractures 

Pelvis 29 

, Spine 11 

40 (36 patients) 

Side of Dehiscence 
Right 
Left 


Mortality 

16 % 


In 77 of the 99 cases, an automobile or motorcycle Avas inAmh'ed. Indus¬ 
trial, agricultural, and mining accidents accounted for 12 of the total num¬ 
ber. The left diaphi’agm A\'as hwolA'cd in 85 patients, the right in 15, includ¬ 
ing 1 patient Avho received a bilateral injury.^” Fractures of the bony pelvis 
and spine were found in 36 patients, an incidence of 36 per cent. Rib frac¬ 
tures AAmre described in 26 per cent of the eases reported. This may be due 
to a failure to report isolated rib fractures. 

Serious concomitant viseei’al injury, chiefly to the spleen but involving 
nearly all of the intraperitoneal organs, Avas found in 22 patients. In an 
additional 7 patients, cAudence of vascular insufficiency of the boAvel Avas pies- 
ent at operation. Although 5 of these patients Avere operated iipon from 6 
months to 23 years folloAAung the injury, Amscular insufficiency Avas found in 


15 

85 

100 (One bilateral 
lesion) 
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Tvbie II Rn\iBv\ OF 99 Cvses op DEniscirscE of the DiAPin^voit Due to 
Nonpfnetratino Trauma (1946 1957) 


Visceral Injury 

Spleen 14 

StomacH 0 

Li^ cr 2 

Sraall bon el 1 

Unmr) bladder 1 
Kidnej 1 

PancreTs 1 


26 (22 patients) 


Vascular Insufficiency 

Stomach 3 

Small bonej 3 

Colon 1 

“7 


Obstruction JVithout Ganorene 
Stomach 7 

Colon 2 

Small bowel 1 

_10 (0 patients) 


2 at 39 hours and 11 davs following miui’v Acute intestinal obstruction 
^Mtliout gangrene nae found in 9 patients, 1 at 3 dais, another at 1 month, 
and III the remaining 7 from 10 neehs to 17 rears foIloiMiig the injnij Thus 
2fl pel cent of the patients rcfiuircd oailj surgical intenention, nhile 38 
patients erpenenced complications cithci unmediately oi later which requiied 
emergency opeiation The oiei all mortality in the collected senes nas 16 
pei cent 

SUIIJIART AND CONCLUSIONS 

1 Nine eases of acute dehiscence of the diaphragm associated nith nou- 
penetiating tiauina to the chest oi abdomen aie reported duiing the period 
of 1946 tlnough 1957 Six of these cases had an associated fracture of the 
pelvis and/oi liunbai spine 

2 Ail cases Meie e\pIoied ■Hitlim 5 hours aftei admission to the hospital 
In 3 eases, iiguij to intraperitoneal oigans was eucounteied which neces 
sitated earlj opeiatne mteiientioii All patients lecovered 

3 The English language liteiatuie was sunejed dnnng the period coiered 
and 99 eases, including the 9 lopoited m this paper, weie encountered The 
oierall moitahty late was 16 per cent In 36 patients a fiactiuc of the pel 
IIS and/oi lumbar spine was lepoitcd 

4 In 26 patients, carlj snrgcij was mandatoi-y due to associated intra¬ 
peritoneal iisceial injurj, yascnlai insufficienei of the bowel, or complete 
gastnc OI intestinal obstruction without gangiene 

5 Eai}} and late complications requiting emcigena snigieal mtei\en 
twn were found m 38 patients 

6 The importance of earh diagnosis and earl 3 surgical intenention with 
adequate erploiation of the chest and abdomen is stressed 
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IVALON AS A CHEST WALL PROSTHESIS 
Aa Eighteen-Month Follow-Up 

Edivaid A. Fitch, Ai.D.,* and John G. Fries, A'LD.,** Fiouston, Texas 

■p'OLLOW-UP reports on new and controversial surgical methods are essential 
foi tlieii final evaluation. A prcvioirs report^’ described the use of com¬ 
pressed poljwinjl fomiol alcohol sponge (Ivalon) as a prosthesis to fill chest 
wall defects. It is the purpose here to .supplement tlie information presented 
in the former report, and to de.seribe the condition of 3 such prostheses after 
time intervals of IG, IT, and 18 months. 

CASE REPORTS 

Case 1.—(Two chest wall prostheses.) A T-moiith'oJrl, 15 pound Mexican female infant 
with bilateral tumors of the teiitJi ribs was operated upon Aug. 1, 3956. The left tumor 
was completely excised, and the 6 bj' 7 cm. defect closed with an Ivalon sheet. This sheet 
was 2 to 3 mm. thick and of tenfold eompres.sion. The pathologic report indicated that the 
tumor was a chondroma showing marked hyaline degeneration. (This procedure was re¬ 
corded in a previous report.s) 

The contralateral tumor was completely excised Oct. 3, 1956, leaving a chest wall 
defect in the costal plane of 6 by 6 cm. A similar sheet of Ivalon was used to repair 
the defect. The pathologic diagnosis was “rib (resected portion), e.xostosis (probably 
osteochondroma).’’ It was noted that a histologic difference was present in the second 
lesion as compared to the previously excised lesion, Tlie first specimen contained a large 
liyalinized fibrotic area whicli composed the nm.iority of the lesion, whereas the se.cond 
lesion was largely definite bone. 

The baby, at 14 months of age, was admitted Feb. 11, 1957, for treatment of a right 
middle lobe pneumonia, apparently unrelated to licr previous surgerj'. 

4Mien last seen in January, 1958, both operative areas remained well healed (Fig. 1, A 
and B). There were indurated areas palpable over tlie prostheses, but no other evidence 
of abnormality. Physical development, posture, and the .roentgenologic picture were normal 
(except for the surgical absence of the excised ribs). 

Case 2.— A 22-year-old hTegro woman presented herself in clinic in .Tanuary, 1956, 
with the complaint of a painful tumefaction over the area of the third left costochondral 
junction. This had been first noticed about 1 mouth previously. Chest x-ray studies 
were normal. The area was explored through a radial incision in tlie overlying breast 
on Jan. IS, 1956, and an angulation at tlie costochondral junction was the only positive 
finding, a’ biopsy revealed normal cartilage. The postoperative diagnosis was Tietze’s 
s.r-ndronie. 
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Tlie patient continued to complain of pain in the involved area. Serial palpatory 
examination suggested enlargement of tlie tumefaction. Since eiiondroma could not be 
ruled out, a complete circumferential excision of the involved area was done on April 
27, 1956. The approach was through the old operative sear. Examination of the excised 
specimen revealed no more than an excessively angulated costochondial junction. The 
histologic examination revealed normal cartilage and bone. 

The patient was completely relieved of pain following surgery. However, about 4 
months postoperatively, it became evident that a thoracic wall hernia was rapidly de¬ 
veloping. A bulge about 8 cm. in diameter would protrude from the chest wall upon 
straining or coughing. Local discomfort and anxiety were associated with the lesion. 

On Sept, 19, 1956, through a submammary breast-reflecting approach, a 9 cm. chest 
wall defect was exposed. After placing a pleural drainage tube, an Ivalon sheet 2 to 3 mm. 
thick (compressed tenfold) was sutured to the periphery of the defect. This sheet exhibited 
a certain amount of fluctuation with extremes of intrathoracic pressure, so a second similar 
sheet was sutured into place directly overlying the first (Fig. 2, A and B). This combined 
prosthesis showed no protrusion or inversion upon being tested by the anesthetist’s applied 
pressure. The wound was closed without siijierfieial drainage. 

The postoperative result was ideal until about July, 1957, when the patient first 
noticed a protrusion over tlie second costochondral junction (Fig. 3). This has tJius far 
been asymptomatic. 

When last seen in Januarj’, 1958, the actual area of the prosthesis seemed quite 
intact. There was no paradoxical movement, and no protrusion upon coughing. There 
was no pain or tenderness. X-ray studies (Fig. 4) showed the old partially excised third 
rib, and some adsorption of the inferior margin of the anterior second rib, in the region 
where the Ivaloii prosthesis was attached. The diagnosis would seem again to be Tietze’s 
sjmdrome, possibly induced by the attaching of the prosthesis to the area. 

DISCUSSION 

The characteristics of Ivalon have been recorded elsewhere. It would 
seem appropriate liere to take issue with certain previous statements. Keeent 
evidence would indicate that perhaps Ivalon does not “become strengthened 
as host tissue grows into its interstices. An unknown percentage of Ivalon 
arterial grafts have shown thinning, dilatation, aneurysm formation, and rup¬ 
ture.’ Whether or not this deterioration occurs in sheet grafts such as in 
these chest wall prostheses is unlcnown at present., Although there is no 
evidence indicating that Ivalon is carcinogenic, it would not seem prudent to 
so state tills at present.’’ ® The variability of tissue reaction to Ivalon would 
seem to place it in the category of substances Avhicli may be either accepted, 
sequestrated, or rejected by the body. Szilagyi and associates; designate tliese 
responses as Types I, TI, and III reaction, respectively. In oni- experience, the 

Type I reaction has been predominant. 

Ivalon is so conveniently handled that it seemed appropriate^ to make an 
elfort to overcome its tendency to weaken within the body.’' Recently we have 
incorporated stronger fabrics between two fused sheets of Ivalon. Such a 
patch has recently been constructed of a Teflon net incorporated within a com¬ 
pressed Ivalon sheet, and used to repair a tangential defect in the intraperi- 
cardial ascending aorta,’ Altliongh the patient is now only 3 months post 
operative, certainly this extreme test of strengtli- and liost adaptability gives 
early encouraging results. Pei'baps such a modification is also appiica e in 
chest wail prostheses. 
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SDJtMABY 

A folIow-iip report is presented of 3 Ivalon prostiieses used to repair 
cliest wall defects. Satisfactory results are evident up to IS months post- 
operatively. 
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THE USE OF CONVOLUTED DISCS IN THE ROTATING 
DISC OXYGENATOR 

Eaile B. Kay, ALD., John E. Galaida, B.S., Andrew Lux, Ai.S., and 
F. S. Cross, ALD., Cleveland, Ohio 

ROTATING clisc oxygenatoi'-' lia^ been used by us in over 147 patients dur- 
1 ing total cardiopulmonary bypass.' This oxygenator has proved itself to be 
an effective, safe means of oxygenating blood without the danger of air em¬ 
bolism 01 excessive destruction of blood elements. In no instance has the 
oxygenator been a factor in producing complications or mortality. There has 
been an over-all mortality of 22 per cent which has been reduced to 10 per cent 
in the last 50 patients. 

Although the oxygenating capacity of the 20-inch oxygenator with 94 discs 
at 120 r.p.m. has appeared adequate in the iiast to fulfill the oxygen needs dur¬ 
ing total body perfusion in adults, it has appeared that the oxygenating po¬ 
tential or reserve might be increa.sed for large adults. The arterial oxygen 
saturation in children with the 13-inch oxygenator with 60 discs has varied 
from 97 to 103 per cent saturation with oxygen tensions ranging from 120 to 
400 mm. Hg. In no instance in this range has there been any evidence of 
oxygen intoxication. 


Table I. Oxygen Level in Adults 
(20'INch ox'Vgenatok—94 discs—120 k.p.m.) 


weight 

(LB.) 

FLOW RATE 
C.C./KG./MIN. 

C.C. PLOW/.MIN. 

PER cent saturation 

(TOWARD END OF 
PERFUSION) 
ARTERIAL ( VENOUS 

OXYGEN 

TENSION 

Ffnt Discs 

Range 117-172 

40-50 

2,500-3,300 

84-100 

45-71 

80-180 

Average 144 

46.1 

2,968 

92.1 

57.2 

119 

Convoluted Discs 

Range 106-183 

40-50 

2,250-3,650 

91-105 

58-94 

160-230 

Average 127 

47 

2,800 

98 

70 

200 


As noted in Table I, the oxygen saturation and tension level in adults has 
been lower. The arterial oxygen saturation has ranged from 84 to 100 per cent 
with an average of 92.1, while the venous saturation ranged from 45 to 71 per 
cent with an average of 57.2 per cent. Similarly, the oxygen tension has ranged 
from 80 to ISO mm. Hg, with an average of 119 mm. Hg. Although this level 

From the Department of Research, St. Vincent Charity Hospital, Cleveland. Ohio. 
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of oxygenation lias not shown itself to be deleterious, it has been felt that in 
very largo individuals it would be desirable to have the margin of oxygenating 
reserve gi'Cater. 

Initial experiments were hampered in determining the oxj-gen capacities 
of larger rotating disc oxygenators because their oxj'genating capacities were 
always greater than the rcciuircmcnts of a laboratory animal. IVe now employ 
in the laboratory an oxygenator larger than the one to be tested—referred to as 
the dc-oxygenator—through which nitrous oxide is circulated to do-o.xygenate 
the blood. This is placed in the same circuit as the o.xygenator with intervening 
pumps. The oxygen tension of both the arterial and venous sides of the o.xy¬ 
genator and dc-o.xygcnator arc monitored (Fig. 1). 



1.—Laboratoiy arrangement for testing the oxygenating capacities of oxygenators b> 
oniploj Ing a de-oxjgenatnr through which carbon dioxide Is circulated to do-oxjgcnnte the 
blood 


The first and simplest method to increase oxygenating capacity was to in¬ 
crease the o.xygenating .surface area by increasing the revolutions per minute of 
the discs from 120 as originally i-ecominended, through varying speeds up to 
110 r.p.m. per jninuto. IVitli the use of the ^^o-incii .spacers between discs, no 
significant columning of blood occurred with the greater sjieods. This maneuver 
alone in tlie 20-incli ox.^■genatol■ containing 94 discs increased the effective oxy¬ 
genating surface from 148 Jf.' to 172.2 31.x 
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A second method to increase the oxygenating surface was to increase the 
length of the oxygenator and the number of discs employed. This effects such 
an increase in oxygenating surface but also increases the amoimt of tlie prim- 
ing % olimie of the blood, and also lias the disadvantage of slowing up the prog¬ 
ress of the passage of blood through the oxygenator so that large outputs are 
more difficult to obtain. This latter factor, however, can again be minimized 
by increasing the space between the bottom of the cylinder and the rotating 
discs. Ilowevei', if this distance is too great, then channeling of blood occurs 
along the bottom of the cylinder which may not l)e maximally oxygenated. This 



/ 


Fig, 2.—The parallel axial oxygenator employed t-no rows of interdigitating discs. 

principle was utilized in going from the infant oxygenator with 60 discs to the 
adult one with 94 discs. The length of the oxygenator could undoubtedly he 
increased to 2-5 inches with the addition of another 22 discs, which would in¬ 
crease the free oxygenating surface to 183 Ur per minute, at 120 r.p.m. How¬ 
ever, it is felt that the present 20-inch oxygenator is probably the optimal length 
and size. 

A third method was to increase the diameter of the discs. An oxygenator 
was developed in which the transverse diameter of the discs was increased from 
4%c inches to inches. The length of the ox^'genator was also increased to 

21 inches with 96 discs. This increased the oxygenating siu-face area to 187 
2Lr. However, it also increased tlie priming volimie from 2,800 c.c. to 4,000 
c.c. which was felt to be unwise. This ox 3 'geuator was used in a patient v eigh- 
ing 180 pounds with a tetralogy of PaUot. The arterial oxygen saturation in 
this patient was 96 per cent with a venous saturation of 62 per cent at a blood 
flow of 40 c.c. per Idlogram per minute and a total flow of 3,300 c.c. 
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A fourtli metliod was to use two oxygenators in parallel, connected at the 
ends by Y-eonnectors. Tliis is also an effective means of inei easing the oxy¬ 
genating capacity of the oxygenator but has the disadvantage ot doubling the 
priming volume and also requiring the opeiator to watch both oxygenatois 
simultaneously To overcome this latter obstacle, a twin unit was designed 
utilizing two disc units in parallel which partially inteidigitated (Pig. 2) 




Fig- 3— A. The 20-inc}i rotating disc ox>eenitor B, The stainless steel con^olutc(] disc demon¬ 
strating: the Increased sur/ace area C. Tlie original Hat disc 

Each series of dise.s revolve upward at the center. A metal container was 
fashioned as noted, because of the difficulty of moulding a double Pyrex cylinder. 
This unit has a priming volume of 3,400 c.c, contains two units of 50 and 51 
discs each, and lias a total oxygenating surface of 157 M.= per minute at 120 
r.pm. This is a very effcctiie oxjgenatoi hut has the disadvantage of lessened 
viswiilization of the o.xxgenating iiicchanism hy the opeiator while itinning, not 
only hceause of the metal container but because of the superimposed set of discs 
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The most effective metliod so far devised to increase the oxygenating area, 
\vithont increasing the priming volume or changing the otherwise desirable 
features, has been the development of convoluted discs (Pig. 3). These discs 
are stamped with 90-degree impressions in a concentric manner. Tliis increases 
the oxygenating surface area per disc 41.4 per cent over the flat discs. In the 
20-inch adult o.xv-genator \vith 94 discs revolving at 120 r.p.m., the effective 
oxv-genating area of the convoluted discs is 208 M.’ per minute, as compared to 
148 M.- for the flat discs. In the laboratory the oxygenating capacity of the 
convoluted discs has been found to be 30 per cent greater than the flat discs. 

The convoluted discs have now been employed in 10 adult patients (Table 
I) with arterial oxygen saturation levels approaching 100 per cent and oxygen 
tensions of 200 or better. It appears to date that this is the most satisfactory 
method of increasing oxygenating capacity and reseiwe without losing any of 
the other desh-able features of the original lotating disc oxygenator. 

The comparable free area for oxygenation in these various types of oxy¬ 
genators is noted in Table II. It is seen that the use of convoluted discs not 
only effectively increases the oxygenating surface over the flat discs in tlie 20- 


Table II. Comparable Fp.ee Oxygexatimg .Vbea 



B 

I FREE ARE.V FOR OXYGEX.VTIXG | 

FREE AREA PER 1,000 C.C. 
PRlAtE VOLVilE 



.\T 120 R.p.m. 

1 AT 140 R,P.M. j 

AT 120 R.P.M. j AT 140 R.P.M. 

1. 20-ineli oxygenator 

94 convoluted discs 
41^0 diam. 

2.8 

208 M.2/min.’ 

243.6 M.2/min. 

74.0 M.vml. 

86.0 M.Vml. 

2. 20-incli oxygenator 

94 flat discs 

2.S 

148 M.2/min. 

172.2 M.Vmin. 

32.6 M.Vml. 

61.4 M.-/nil. 

3. Parallel axial oxy¬ 
genator 
lOl flat discs 

3.4 

157 yi2/min. 

184.0 M.2/niin. 

32.6 yUVnil. 

61.4 

4. 21-inch oxygenator 

96 flat discs 

5^'tn inch diam. 

4.0 

187 M.2/min. 
at 97 r.p.m.t 

218,0 M.-/niin, 
at 113 r.p.m. i 

46.7 M.-/ml. 

34,5 M.2/ml. 


*AIeters squared. 

fComparable to the greater span of the smaller diameter discs. 


inch oxygenator by 41.4 per cent but also is the most efficient oxygenating mech¬ 
anism per 1,000 c.c. volume prime, wliile retaining the other optimal features 
of the 20-ineh oxygenator. It might appear that convoluted discs would be 
more traumatic to the blood than flat discs. The factor of hemolysis, which has 
never been a ])roblem -with the use of the rotating disc oxygenator, has even been 
lowered with convoluted discs and has averaged an inciease of onb 28 mg. pei 
cent in the patients in whom the convoluted discs have been used. 

The residts in the use of the convoluted discs have been so satisfactory that 
they are now being used routinely in the 13-incIi oxygenator for ehildien. It 
has been possible as a result of their oxygenating efficiency to lower the resolu¬ 
tions per minute and in tui'ii the trauma to tlie blood when the monitoi’ing of 
oxygen tension by the oxygen electrode indicates tensions in excess of 200 nun. 
Hg.^ 
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SUMMARY 

The niaxiinum oxygenating capacity of the 20 ineJi rotating disc oxygenator 
lias lieen discussed in its use in adult patients Various cliangcs have been de¬ 
scribed in ^vIlicU the free oxygenating surface can be increased without affect¬ 
ing the other deshable featiues of this oxjgenator. Of all such changes tested, 
the development and use of convoluted discs as dcsciibed in the text appears 
to be the most effectne means of incieasing the oxygenating capacity. This 
improvement in the oxygenator now adequately fulfills all requirements for 
oxygen needs in any size individuai 

ADDENDUM 

0\er 200 pjitients Jia^G nou been operated upon u«ing the rotating o\\genator. 
TJic opinions relati\e to tlu*^ oxjgenator are still similar to tliOKo e\pros«ed in the article. 
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MANAGEMENT OF OUTFLOW TRACT TEAR DURING 
BROCK PROCEDURE FOR PULMONARY 
VALVAR STENOSIS 


Gilbert S. Campbell. M.D., atid Richard L. Varco, AI.D., 

Mirmeapolis, Alimi. 

I T IS XOT the purpose of tliis report to debate the relative virtues of the open 
as opposed to the closed operative approach in the ti’eatnient of patients 
■with pulmonic stenosis. Instead, we wi.sh to present one means of salvaging 
the situation when the po.sterior wall of the right ventricular outflow tract 
has been ruptured while utilizing the closed approach. 



Fig. 1. Fig. 2. 

Fig. 1.—^Production of tear in right ventricular outflow tract. 

Fig. 2.—Deliberate dislocation of heart in order to gain evposure for closure of tear. 


In any surgical training center, the resident staff learns technical surgeiy 
by observing, assisting, and finally doing the various operative procedures. 
When one takes a resident as far as the “doing” stage with the Brock tech¬ 
nique, the resident’s first solo into the right ventricular outflow tract may or 
may not be a smooth one. Apfiroximately once yearly for the past .3 yeais, 
this first attempt has resulted in inadvertent puncturing of the relatively 
inaccessible posteiior pai't of the outfloAV tract, although it is taught that blind 
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instiumontation m the outflow tiact is safei when one keeps to the anteiioi 
aiea of the infundibulum and puliiionaiv aitei^ In fact, the blunt tip of 
the bistouiy can be palpated thiough the anteiioi wall of the mam pulmonafj 
niteiy befoio it engages with the stenotic oiifiee in the puliiionaij sahe 
Howeiei, if the siiigcon encounters iesist.iiieo in the postenoi aioa of the 
infundihuhuii and then unwiselj tiles to foicc the instuiinont past this oh 
stiuetioii, a diieot cut oi disiuptne teai iiny be pioduccd (Ihg 1) ,So fai, 
we ha\e found this tcai piOMiiial to the pulmonais sahe obstiuctioii and 
hence hemoiihage fiom the In pci ti ophicd light sentiiculai casity has been 
piofuse Packing the tiaiisieise sinus limits, but docs not coiitiol, the leak 
AVc lni( found it iiceessiij delilieiatdj to dislocate the hcait fiom the pen 
caidial sae, le, to lotate and displace tin hcait npwnid and to the light ni 
01 del to gam acciss to tin teai The associated henioiihnge, depiissed inyo 
eaidial peifusioii and, fiiiallj, mtcifciciiee with senous inflow as a icsult of 
toisioii of the inflow ti ict can lead to eauliac aiicst ot scntiiculai filmllatioii 
Howoiei, onlj In lotatmg and displacing the lieait tan one ckiilj Msuah/i 
the iiiptuie m the outflow tiact This holt can then be sntiiicd icadilj witli 
such o\pnsuie (Fig 2) lii one case a poitiou ol the kit aiiiioulai apiitiulage 
was used to hutticss an tspeeialh huge and laggtd tiai Caidiac ususcita 
tion was possililo m all I patients aftci tin tcai was closed, and the Block 
pioceduic was subseciueiith completed m each at the same opeiatioii rune 
tional icstoiation depends upon the iclief of the pulmonic stenosis, and sui 
M\al with iclief of sjmptoms was obtained in all 3 patients 



AN IMPROVED RETRACTOR FOR THE TRANSVERSE 
STERNOTOMY 


Donald G. McOuarrie, M.D., and C. Walton Lillehez, M.D., 

Minneapolis, Minn, 

T he advext of open cardiac suvocry has made wide exposure of the entire 
heart a frequent necessity. A bilateral thoracotomy in the area of the fourth 
and fifth ribs, coupled with a transA’erse sternotomy, has proved to be a consist¬ 
ently useful incision. The usual “straighf-across^’ incision in the bone has been 
modified to a sternotomy cut in a “ V” Avith the apex upAA^ard. This makes possible 
a repair AA'ith greater lateral stability, and the more firm apposition of the 
sternal fragments reduces the incidence of malunion. In adult patients, a 
heavy duty retractor is reciuired A\dth construction directed specifically toAvard 
accommodation to this modification of the transverse sternotomy. This need 
for a sternotomy retractor Avas recognized by Pontius and Cooley^ Avho have 
designed a fixed-blade retractor for the “straight-across” stcimotomy. 



Fik- 1 —a top view of the detachable blades illustratihg the A'^-notch shape and hinfte consti ac¬ 
tion for variation in angle. 


In designing this retractor the folloAving factors Avere considered; (1) 
the need for a strong retractor to achieve adequate spread Avith a mini¬ 
mum of impedance to exposure, (2) the retractor must be sclf-ietaining, (3) 
there should be no slippage of the retractor once placed, (d) as the steinum 
is spread apart the diA'ided ends angulate itpAvard, therefore, the retractor 
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blades, iinless liingcd, will ride upward as well, creating an itnwieldly ob¬ 
stacle to optimum cxposiuv, and (5) the retractor blades sliould fit tlie V-notebed 
sternum. 

To encompass tbese considerations, detachable retractor blades were de¬ 
signed to be adaptable to the Burford-Finochietto self-retaining rib spreader. 
The upper and lower bladc.s were shaped to fit the lespcetive sides of the V- 
shaped sternotomy. This gave minimal iiniiingcment upon the e.xposure area. 



Fjpr. 2—A lateral mgu of the bln<lc«i shouinR them attached to the Burfoid-Fmochletto 
rib spreader Note the ab^Ie of the uppet and loner plate's of each blade which engaec 
sternal frapnienta flrmlj 



Ffg- 3.— An oxcr-ull \le\v of the retractor If't hea^y <iut} construction permits uitle exposure 
with minimal infimeeinent upon working space. 

Tliree sJmrpenecl points were placed at tlie apex of each blade to engage the 
marrow eaWty of the sternnm, giving added .stability. Tlie blades wore hinged 
in a horizontal plane to accommodate variations in the angulation of the sternal 
fragments with differences in patient size, incision, and degioo of .separation of 
the divided sternal segments. The ability to vary the angle also speeds and 
facilitates initial placement of the retractor. Stops arc placed on the retractor 
hinges to prevent angulation beyond 40 degrees. The upper and lower plates 
of each blade are spaced to grasp the rib cage jind sterju'ni drmly ^ , ^.vent 
vertical displacement. TIio lilades wore made from lie-^ '' ‘ npi_ 
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These retractor blades have been used with excellent success in onr adult 
patients undergoing cardiac surgery via a bilateral sternum-transecting thora¬ 
cotomy. In this experience one of the principal improvements in design over 
pre-existing, self-retaining sternal retractors has been the hinging of the blades 
which facilitates exposure by allovdng the arms and body of the retractor to 
lie flat and out of the way as the sternal segments are spread apart. 



Pifr 4_The type of "V” sternotomy is illustrated. The wide retraction £md fitting of 

the retractor to the sternal fragments allows maximum exposure. Hinging of the blades allows 
the body of the retractor to lie flat and out of the way despite variable angulation of the 
sternal fragments. 
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Amioimcetnents 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting 

The Thiitj ninth Annml Meeting of the iVineiicaii A'lsoontioii foi Tho 
lacie Siiigeij ivill be held Apiil 21, 22, and 23 1959, iii Los Angeles Cali 
foiiiia Headouaiteis nill lie the Hotel Statlei 

Requests for Hotel Reservations 

These should be mailed diiectlj to Mi MTlliam Tiutiiaii, Reseuatioii 
Maiiagei, Hotel Statlei Los Angeles, California Please mention this Assooia 
tion the tape of accommodation desiicd, the date and appioMiiiato hoiii of 
aiiiaal and depaituic If aceomiiiodatioiis aie desired elseavheio in Los 
Angeles, please commuiiioate diieetly avith the hotel of yoiii choice 

Material for the Program 

SciENTiric Papers —^Abstiaots of all papeis pioposcd for piesentation at 
the 1959 meeting must ho received on or bcfoic Novcmhci 15, 1958, othoi 
vise tlicj anil not be eoiisideicd ba the Piogiam Committee These should be 
labeled “Foi Thoiacic Siiigeij Fomin” or “Poi Regulai Piogi.im’ depending 
upon the natiiie of the subject matter, in the same maniiei as in pieaioiis aeais 
Thej should contain fioni 200 to 250 aaords that acciiiatela icilect tho content ol 
the completed paper 

Six, icpeat, SIX cleaila legible copies of each abstiact must bo sent to Miss 
Ada Hanaej, Admimstiatiae Assistant, Tho Anieiiean Assoeiition foi Thoiacic 
Suigeij, Suite 308, Caiondclet Building, 7730 Caiondelct Avenue, St Louis 5 
Missouii 

Essaaists selected foi the piogiam arc icmiiided that papeis jiiesintcd at 
the meeting must be handed to the secictaia immediately aftci then piesenta 
tioii If thea aio not leada at that time tlicic is a chance that thoa anil not K' 
published in The Jouknal op Thoracic SuRCrRi 

JIoTiON Picture Session —Plans aic again being made to shon sin ’ > 
motion pictuies selected on a compctitiac basis The films themselves, tp-a‘'‘s~ 
aaitli desciiptiae mateiial eoncernmg length of piesentation, etc, mii't n tv- 
eeiaed bj Hi John 0 Jones, Suite 509, 1130 IVest Sixth Sliect, LosAra ''' I~ 
California, hefote Koveinhct 15, 1958 
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Applications for Membership 

Ap])lications for Associate ]\Iembership in the Association must be re¬ 
ceived by the i\Icmbership Committee noi later than November 15, 1958, 
otlicrwisc the ajiplicalion will be deferred for consideration until the 1960 
meolinj>. 

Ap])lieants must be simnsored by three Active or Senior Members of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a separate letter eoncerninp: the applicant directly to: 

Dr. Duane Can- 

Chairman of the ]\Icmber.ship Committee 
899 ^ladison Avenue 
iMonijihis 3, Tennessee 

Sjmnsors are i-cminded that new letters of recommcnclation mu.st be for¬ 
warded to the Chairman of the Membership Committee should their applicants 
be hold over for reconsideration a second year. 
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Original Communications 


EVARTS AMBROSE GRAHAM (1883-1957) 

Eulogy 
Tom Bt/rford 

O N JiARCH 4, 1957, the spirit of Evarts Ambrose Graham passed quietly 
into that select Valhalla that shelters the shades of the truly great. 
Death u-ith tragic irony resulted from bronohogenie carcinoma, a disease he 
had studied for over a quarter of a century, and a malady which he had bat¬ 
tled so valiantly and successfully to conquer and control in others. Insidious 
in onset and hojjeless at the time of discovery, his disease progressed with 
merciful rapidity. Aware from the beginning of the diagnosis and its terrible 
portent, he faced the issue -with aAve-inspiring equanimity. Not once did he 
manifest the slightest degree of bitterness or self-pity. With serene ob.iec- 
tivity he .sublimated all concern for self to an amazingly critical contemi)lation 
of cancer in general, and of lung cancer in Evarts Graham in particular. He 
was much more concerned by the fact that he, a nonsmoker for seven years, in 
developing the disease might have invalidated his own etiological contentions 
than he was by the prospect of dying. 

Born in Chicago on March 19, 1883, he attended public .schools and the 
Lewis Institute. He graduated from Princeton in 1904 where early in his 
undergraduate period he decided to devote his life to a surgical career. It 
was at Princeton that he stated his oft-quoted determination “To do major 
surgery, to engage in lesearch work, and to have a clinic of younger men who 
would be interested in studying and developing ideas.’’ This cogent eapsnle 
contains the essence of the great surgical .saga that was the life -s’ 

Portions of this Euloay were presented before the Society of Clinical ^ 

York In October, 1S5T. but not published. 
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of Evarts Graham. All of the fine panegyrics that will be i^enned at the end 
can add little to what he so confidently said of himself at the beginning. In 
1907 he received his M.D. from Rush Medical College where his father, Dr. 
David W. Graham, was a teacher of surgery. Following graduation he in¬ 
terned at the Presb 3 ’’terian Hospital in Chicago for one year’. He spent the 
following year as a Fellow in Patholog^v at Rush. Dissatisfied with the tra¬ 
ditional sirrgical training of that ei-a, he did special work in chemistry and 
phj'^siology. Working rvith Woodyatt, Carlson, Wells, and others, he acquired 
a broad background in the basic disciplines which did nurch to inspire arid 
shape his later career. It was duidng tliis period that he met Helen Tredway, 
a graduate student in chemistry. The.y were married in 1916. Dame fortune 
smiled often on Evarts Graham, but never more warmly than when this gra¬ 
cious and brilliairt lady agreed to share liis life. She created the cultured 
orderly home so necessary to the success of a busj’’ scientist and surgeoir on 
the one hand, and on the other carved out for hei’self a distinguished career 
in teaching and research. 

Iir 1915 he eirtered private practice. He rarely spoke of this experience 
and it is noteworthy that he Avas eai’eful to omit it from his Curriculum Vitae. 
IIoAvever, with his infallible gift of serendipity, even this experience AA^as to 
prove significant. First-hand contact Avith unnecesaiy surgery, ghost surgery 
and fee-splitting shocked and infuriated him. Not long before his death in 
discussing his early years Avith me he said of this aAvakening, “I resolved then 
that if I ever had a chance to do something about these things that I Avoiild.” 
Those AA’^ho were prmleged to serA’-e with him on the Board of Regents of the 
American College of Surgeons knoAv hoAV effecthmly he kept that resolution. 

In 1918 he entered the United States Armj’- Avith the rank of Captain. 
Later in the same jmar he was appointed to the Empyema Commission and 
promoted to the rank of Major. It Avas Avhile a member of the Empyema Com¬ 
mission that he did his brilliant Avork on the djmamics of intrapleural pres¬ 
sures Avhich led to a safe and rational approach to the problem of intrapleural 
sepsis. He aa^s then sent to France as commanding officer of the 34th Evacu¬ 
ation Hospital. On his return to the States he AA'as sought out hy Philip 
Shatfer, Canby Robinson, and Eugene Opie and offered the Bixby Chair of 
Surgery at the Washington University School of Medicine in St. Louis, Avhich 
he accepted. It is a matter of record that he took over his duties as professor 
of surgery AAmaring his army uniform. It cannot be Amrified, liOAveAmr, as one 
disgruntled, and perhaps bruised, contemporary contended, that he also wore 
spurs. In St. Louis he joined Avith Shaffer, Erlanger, Robinson, Marriott, 
Opie, and others in the exciting adventure of creating a great medical school. 
In a short time he- Avas the acknowledged leader of this distinguished group, 
and the school’s international reputation today is due more to the efforts of 
Evarts Graham than to any other member of the faculty. During his tenure 
the surgical service AAms a AAmrld-renowned Mecca. 

In 1922 he first conceiAmd the idea that Ausualization of the gall bladder 
might be possilrie. His broad background in chemistry made him aAvare that 
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the chlorinated plieiiolplithnleins are excreted almost exclusively in hile. By 
substituting radiopaque atoms to these compounds he hypothesized that visu¬ 
alization of the I)iliary tract should he possible. 'J’he epochal success of his 
ensuing experiments and the success of cholecystography are known to all. 
This, in my opinion, was his greatest scientific contribution, and was, as Alfred 
Blalock has stated, worth a Nobel Prize. On April 5, 1933, he made one of 
the great technical contributions of all times when he performed the first suc¬ 
cessful one-stage pneumonectomy for bronchogenic carcinoma. To some it 
has seemed .strange that Graham, with his emphasis on basic disciplines, should 
consider a purely technical feat his greatest contribution. To understand this 
apparent parado.x it is necesary to have known the man. He came to St. Louis 
noted only for pi-oductive research and was contemptuously dubbed the 
“Mouse Surgeon” by the entrenched, but now forgotten, old guard. He nei¬ 
ther forgot nor forgave this indignity. In addition, he was always mindful 
that careful, bloodless techniques were not his forte. How natural then that 
the fait accompli of so magnificent a technical feat should symbolize to him 
a major victory—a triumph in the only area of his many endeavors where he 
ever felt the slightest sense of inadequacy. 

Each year brought increasing prestige and heavier burdens of work and 
responsibility. His capacity for sustained painstaking effort was prodigious. 
This attribute plus his uncompromising integrity and his supreme self-confi¬ 
dence were the keystones, in my o])inion, of his character and career. 

Throughout his notable career he was untiring in his efforts to improve 
the standards of medical care and medical education and to this end he un¬ 
hesitatingly accepted appointments to many national committees. He served 
for fourteen years as a member of the Medical Fellowship Board of the Na¬ 
tional Eesearch Council. Prom 1940 to 1946 he was Chairman of the Commit¬ 
tee on Surgery of the National Research Council. In 1944 and 1945 he urns 
a member of the Commission on Ho.spilal Care. In 1952 he was appointed 
a member of the President’s Commission on the Health Needs of the Nation 
In 1953 and 1954 he served on the Medical Task Force of the first Hoor (■ 
Commission. In each instance he served with the eourage and e/Teetivenf 
that characterized every phase of his career. 

Honors and distinctions of every kind were .showered on Evarts Graham. 
Recipient of fourteen honorary degrees and many distinctions, he was re¬ 
peatedly honored at home and abroad. No American .surgeon has ever so e.r:- 
pletely won the esteem and affection of Colleagues in .^outh Ameriea. ~~ 
Continent, and in England in particular. Even after retirement the pilgri'”-’' 
of notables from the four corners of the world contmuwl to his office—^ w' '' 
to the aclaiowledged Dean of lYorld Surgery. 

He was elected directly to active membership in this A.ssoeiariv • 
third annual meeting in New Orleans in 1.920, Ix-eo.ming the ei"htv-tli'- '' 
her. In 1928 he was elected President. In I9.H v.ith tho establishr*" 

JouRXAi, or Tiior.\cic Surgery he became the first edito” 
post he held with conspicuous .success u/ifil iR death 
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senior member and, in 1955, on the motion of Leo Eloesser, became the twenty- 
fifth honorary member of tlie Association. While not one of the founding 
fathers, his contributions to this body and his infiuence in shaping the destiny 
of this organization rank second to none. By honoring Evarts Graham, the 
American Association for Thoracic Sui'gery acknowledges its indebtedness to its 
greatest member and thereby does honor unto itself. 

Retirement came to Graham in 1951. Whatever academic retirement may 
mean to lesser men, it was to him a challenge and a new beginning. He returned 
to the laboratory with the zest of a young graduate student, and began a large- 
scale investigative program. His studies ranged from the experimental produc¬ 
tion of cancer in mice with the tars from cigarette smoke to an effort to de¬ 
termine why the antlers of the deer family are regenerated so rapidly. Outside 
the laborator}’’ his interests seemed to widen rather than contract. 

From 1951 to 1954 he was Chairman of the Board of Regents of the Amer¬ 
ican College of Surgeons, and in 1955 was elected President of the Sixteenth 
Congress of the International Society of Surgeiy. 

He was among the first to become intelligently alarmed by the problem of 
radioactive fall-out. His reaction Avas characteristic. He moved directly into 
the national political arena, and it Avas due in no small measure to the efforts 
of Graham and his friend Norman Cousins that Adlai Stevenson Avas persuaded 
to make a campaign issue of Strontium 90, and nuclear testing. 

Socially and politically, Graham Avas an enlightened and often militant 
liberal—a born crusader. Emotionally and ethicall.y he Avas an unreformed 
Victorian. To him privilege and poAver implied stern responsibility. “He kneAv 
no motive but interest—no criterion but success.” It Avas thus inevitable that 
his rise to high position should foster Avithin him a sense of noblesse oblige, 
and that this should make men of little discernment often falsely call him cold 
and autocratic and even ruthless. His biographer Avill have no difficulty in 
shoAving up the superficiality of these evaluations and Avill find an abundance 
of Avarm color, generous tones, and even humble shades from AA^iich to paint a 
true picture of Graham the man. 

Gordon Taylor could Avell have been speaking of Graham AAiien he said of 
Moynihan in the first Leeds Lecture, “Tliose Avho have been reckoned great in 
surgery must of necessity be supremely skilled in the craftsmanship of our pro¬ 
fession; they must, by reason of the initiation of some novel and successful sys¬ 
tem of treatment, have conferred untold blessings on mankind; their Avork must 
have illuminated the dark, mysterious chasms in our knoAAdedge of disease. It 
is necessary that they should have inspired their pupils and their surgical 
brethren Avith their OAvn ideals, and shoidd have inaugurated or sponsored some 
policy Avhich has advanced the science of surgery. Their prospects of pre¬ 
eminence . . . are perhaps enhanced, if they are accounted ‘Men of Affairs,’ and 
if they command success in their eAmrydaj’’ relationships and dealings Avith those 
Avho are not necessarily linked by close ties AAdth our profession.” 

By these and by all criteria EAmi'ts Graham Avill be reckoned among the 
greatest. 



PRESIDENTIAL ADDRESS 

A CASE REPORT AND MISCELLANEOUS COMMENTS 

Buan Blades, AID , Washington, D C 

M \ HHST and pleasant obligation is to expiess piofoiiiul appieciation to the 
membeis of The Ameiioan Association foi Thoiacic Surgeij And of 
equal impoitance, to thank the Offlccis and committee inembeis uhose effoits 
doteimiiie the success oi failuie of oiii meeting Paiticulai giatitude is de 
served b.\ the Seeietars, Di Iliiam Langston, and Miss Ada Ilainei, Admin 
istiatue Assistant 

The honot of being Piesideiit of this Association is impossible to define 
The endeaiois of those whom 1 Iiaie just cited haie made most of the duties 
and lesponsibilities of the office easy Theic is, howeiei, one notable e\cep 
tion, the piepaiation and piesentation of the pi esideiitial addiess 

Mild plagiarism was fiist considered A careful renew of my predetes 
SOI s’ coiitiibutions, howciei, made this iiiipiactical Then subjects haic eon 
sisted of disseitations on philosophical, educational, and histoiieal inatteis oi 
lepoits of biilliant suigieal aehieiemeiifs oi leseaich eiidcaiois It became 
appai ent I had ncithei information iioi the ability to imitate then esamiiles 
In dcspeiation I have decided to picseiil a ease leport as the piincipal 
featiii e of this addi ess 

The iinusu.il Instoiy, methods of diagnosis and, finallj, the suigieal man¬ 
agement will, I hope lustify the icMCw of a clinical pioblem in a Piesidential 
Addiess 

Pollowing the case lepoit theic will be a few miscellaneous and probablj 
confusing comments 

From the Department of Suraeri The Georce Woslnnaton UnWersIti Waehineton D C 
Presented at the Thlrtl elahth Annual sleetlnB or The Ann rlcan Association mr Thorncle 
Surfeerj at Boston Mass Maj 16 la 1958 
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Abstract of the recor(l of Dr 
Admitted 

2 27 'I'l 
•i f) ^3 

3 13 33 

4 4 33 


James L GiJmore Ag^e 4S i rs 
Discharged 
3 5 33 
3^)33 
321 33 
C IS 33 


Patient enters hospital 'n'ltli a history of 

1 Repeated attacks of cough and fe\ er ^ ith pain 
in the cliest 

2 General lassitude 

3 Easilj fatigued 

4 Loss of u eight and inability to gam a eight 


7 months 
duration 


In Januar^ 1020 patient de\tloped pneumonia of the right louer lobe It spread 
from this location and in\ohcd the entire lung Con\ ilescence was delated for se\eral 
ueeks and terminated bj his “raising some pus * 

In Jul 3 1932 he cxpciienccd a general malaise with clullr sensation and a fever 
of 104 Nothing found on P \ UBC 37,000 On Aug 11th an x raj re\ealed a fan 
shaped shadow with the base outward, in the region of tlie loft axilla Bj Ang 20th 
lus ajmptoms had subsided and the \iai shadow had become smaller On Oct 7th he 
experienced a repetition of his former sNmptoms with return of the former x raj shadow 
This subsided in a few dajs onh to lecur again about Oct 20th At this time there 
was some dullness and a diagnosis of (interlobar cmpvonia) lung abscess was made On 
attempting to aspirate it (Dec 5, 1932) i pneumothorax developed subsequent to which 
his symptoms improved He experienced some pam in the left chest following production 
of pneumothorax (not much pain and no bloodj sputum at anj time) The pneumothorax 
was continued and was improved until 10 davs before idmission (2 17 33) when he had 
a recurrence of fever and discomfort, etc Examination revelled a man of medium build 
with suggestion of loss of weight and having n pale pnst> complexion Did not look 
acutelj ill The left chest moved less than the right and B S wore diminished or absent 
Xrajs of the chest showed the left upper lobe atelectatic with pneumothorax present 
(The lower lobe seemed fulh expanded and adherent to the chest wall) RBC 4,300,000, 
WBC 31,500, HB 85% 

In view of the patient historj, PX, ind x raj findings, a tentative diagnosis of 
bronchial obstruction bj a tumor was made 

Bronchographj substantiated the diagnosis of bronchial obstruction of the left upper 

lobe 

Bronchoscopj 3 3 33 revealed tissue not uiilil o the appearance of granulation tissue, 
closing off the It upper bronchus Bronchoscope repeated on 3 34 33 and 3 23 33 Biojisv 
taken revealed ‘•qu imous cell carcinoma of the bronchus 

Patient took microscopic slides to home pathologist to have verified 
Patient was rtadnntted 4 4 33 for lobectomy At the operation (4 5 33) the tumor 
and suppurative process was found such that it was necessary to remove the entire loft 
lung Manj adhesions made this somcwli it difficult Seven ribs were also removed, 3 to 
9 inclusivelj Left the operating room in good condition (Iiad received glucose acacia 
and some blood) Closed drainage vielded several (800 to 3000 cc ) of scrosnnguinous 
exudate for 48 liours 11 ere was little PO reaction except for some dyspnea espccmllv 
on exertion Considerable deep seated pain was experienced at times but was fairh well 
controlled Some infection of the unoblittrftttd portion of tlie left chest occurred on the 
Sth or 9th rO dav wind was drained bv a st ib wound postenorlj Ihis failed to func 
tion after 2 weeks (during winch timt- patient was being prepared for removal 
remaining 3st and 2nd ribs to obliterate the remaining ) so dram 
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anteriorly through the 1st interspace. The Ist and 2nd ribs irere removed on 5-22-33, 
with little post-operative reaction. His pain then completelj’’ subsided and within 3 weeks 
all -wounds -were healed. His strength gradually increased, as -n-ell as the use of his left 
arm. He gained in weight and his color improved remarkahlj'. Appetite -n'as good and 
on discharge, 6-18-33, he -urns looking quite healthj', much better than he had for many 
months previously. His onlj- complaint -n-as some dj'spnea on exertion and this -urns not 
marked. His respiratory function improved much after his heart had become compensated 
to his being up and about. He had been walking about for 2 -weeks at time of discharge 
from hospital. Vital capacity on admission 3,500; at discharge 1,650. At time of dis¬ 
charge his blood showed 5,100,000 EEC., 8,500 WBC., and 90% HB. On discharge, his 
EGG. was practically normal. 

Weight on admission 4-4-33 145 lbs.. On May 21, 1933, his weight was 130 lbs.. On 
June 14, 121% lbs., June 18, 122% lbs., June 28, 126 lbs.-. 

Operative Beport 

Anesthetic Kemarks: Uneventful. Pulse good volume. Color good. Glucose given when 
B.P. fell. Pt. responded at completion of operation. Blood transfusion was given. 
Dictation: Dr. Graham. 

An incision was made over the 6th rib; the rib was removed from the transverse 
process to the anterior axillary line. The 7th rib was also removed in the same way and 
the intercostal bundle was excised. The pleura was opened and the upper lobe was found 
to be atelectatic. Several masses could be felt within it suggestive of infiltration with 
carcinoma. Although the apex of the lung was free from adhesions there were many 
other adhesions between the lung and the chest wall. There were particularly dense 
ashesions between the upper lobe and pericardium, and also posteriorly between the upper 
lobe and the parietal pleura. The lower lobe was adherent everywhere to the chest wall. 
In the upper part of the upper lobe several firm nodules were felt which were suggestive 
of carcinomatous metastases. In attempting to separate the upper lobe from the lower 
lobe, it was found that the interlobar fissure was not fully developed. There were also 
some nodules in the upper part of the lower lobe which were suspicious of carcinomatous 
involvement. It was felt that not only would it be very difficult to remove the upper 
lobe alone, but also that in doing so some of the cancer would be left behind. Conse¬ 
quently it was decided to remove the entire left lung. After separating the adhesions, 
most of which required clamping and cutting followed bj' ligation, the pedicle was freed 
and a small catheter was tightly secured around it. It seemed preferable to use the soft 
pressure of a rubber catheter rather than a crushing clamp for this purpose, in order to 
preserve the blood supply as much as possible to the end of the stump of the bronchus. 
The idea behind this was to encourage healing of the bronchial stump as much as possible. 
Distal to the catheter two clamps were placed on the entire pedicle and an incision was 
made between them thereby cutting away the entire lung. After cutting away the lung, 
the open stump of the bronchus was cauterized thoroughly with the actual cautery and 
then swabbed with 25% silver nitrate solution. The stump was then transfixed with a 
needle carrying a double thread of #2 chromic catgut. This was tied securely around 
the whole pedicle. Another double ligature of #2 chromic catgut was placed in a position 
slightly distal to the first ligature, and finally a third ligature of the same sort was ap¬ 
plied. The catheter was then removed and no bleeding from the stump occured. The 
open end of the stump of the bronchus was slightly less than one inch from the bifurca¬ 
tion of the trachea. The aorta was plainly visible immediately posterior to the stump of 
the left bronchus. Because the entire lung had been removed there was no tissue avail¬ 
able for covering over the stump of the bronchus. Two enlarged mediastinal glands, 
which could be seen immediately below the bifurcation of the trachea, were removed for 
microscopic examination. These, however, seemed soft and evidently did not contain any 
cancer. Because the patient's condition seemed excellent, and because it was felt de¬ 
sirable to obliterate the pleural space as much as possible, additional ribs were removed 
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from the traiis\er'ie proce‘?ses to the nntenor aNillorj line The ribs remo\cd Mere the 
4th, 5th, Gth, 7th, 8th, 0th and JOth Thru a small stab MOund a ‘«nmll catheter was in 
certed belou the line of inciaiori and carried into the pleura cimU just below the stump 
of the pedicle Ihis catlieter fitted tightly so that no leakage of air at all occured around 
it The wound w is then clO‘>ed in lajers and it was noted that the soft tissues collapsed 
readilj into the pleural caMti No attempt was made to suture the parietal pleura to 
gether Ihe Gth and 7th muse’e bundles had been remoicd in order to gi\e exposure, 
but tlie lest of the muscle bundles were not cut awnj The patient was given a blood 
transfusion in the operating room and left the operating room with blood pressure and 
pulse the same as thej liad been at the beginning of the operation The rubber catheter 
was connected with a, longer rubber tube which wns biought down to the le\el of some 
bone acid solution in a bottle in order to gi\c an tight diainage 

SURGICAL PATHOLOGY BARNES HOSPITAL 


Name 

Gilmore, Dr J L 

Register Ivo 80475 

Age 48 

\ddre«is 


Ward 

Date 4 5 33 (11 11 48) 

Surgeon 

Dr Graham 

Specimen No 2124G 



Gros^ Pathology (11 11 48) The gross specimen consists of the entire left lung winch 
IS recened m Ivai^erling fixative The entire lower section through the entire lung at 2 to 
1 cm intervals has been made There is a tumor mass ulcerating into the upper lobe 
bronchus near the hilum which on cut section appears to bo well delineated and measures 
1 cm in its greatest diameter Distal to this tumor in the upper lobe there are numerous 
pinpoint abscesses in the lung parenthvnm Ovei the posterolateral apical region of the 
upper lobe there is a markedlv thickened pleura which appears to have o portion of the 
parietal pleura attiched to it The lower lobe appears to be essentiallj normal wnthout 
abscesses, obstruction or abnormalities of the pleural surfaces On gross examination the 
superior interlobar bronchia] node which is immediately adjacent to the tumor appears to 
be directly involved in the process There arc several other nodes about the upper lobe 
bronchus which do not appear to be involved in the tumor process Several small nodes 
about the lower lobe bronchus aic likewise negative grosslv Many black and white and 
colored photographs were taken of the fixed gross specimen The following additional 
sections are taken 

Ax—a section of the tumor to “how its entire extent 

A—4 to 5 additional sections of the tumor 

B,—G ly mph nodes from about the upper lobe bronchus 

B,—a section from the thickened plcuial surface at the posterior apex of the upper Jobe 
Di—3 nodes from about the lower lobe bronchus larlA'^ (Black) 

Microscopic Pathology The surface of the tumor as it projected into tlie bronchus showed 
a fairly well differentiated pattern with minieroiis epithelial pearls Tlie tumor extended 
into the lung partnchvnia destroying bronchial cartilage and invading contiguous lymph 
nodes In the deeper areas of tlie neoplasm it was extremely undifferentiated witli prac 
tically no 1 eiatiniz ition and with numerous mitotic figures In one area of the neoplasm, 
as It arose from the bronchus, there was squamous metaplasia and epidermoid carcinoma 
in situ Purtlier nodes, 11 in number, showed no evidence of tumor 

Dwgno-its Lung, bronchus, left, upper — Epidermoid carcinoma, grad^H 

Lymph nodes, regional — Epidermoid carcinoma, grade m, invasive 
Lv mph nodes, regional — Hvperplasin, 11/11 \ 

Lung — Broncliial pulmonao suppuration with multiple small abscesses 

Lauren V Ackerman, M D 

It IS impoitaiit to note that flic icvicw of the tissue h> Di Lauien Ackei 
man in 1948 established that the lesion Mas an imasnc cjiideiiiioid caieinomn 
i\rouo\(. 1 , theie was iiii ohcmciit of a Ijinph node 
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Two postoperative notes by our distingaiished colleague, Dr. William 
Adams, then a Fellow in Surgery, are worth recording. 

4-6-33 “Patient quite comfortable unless he moves. He had no M.S. since 8 a.m. Has 

3:15 not voided since operation. B.P. remaining at 120/ No cyanosis or dyspnea. Pulse 

Adams steady. Drained about 800 cc through catheter during interval from 12 it yesterday 
until 11 A.M. today. Little drainage since. Temp, down to 37.2° this noon. 0, tank 
to be kept in room and 0™ tent available in case of emergency. ’ ’ 

4-18-33 “Patient’s temp, has risen to 39.7° tonight. Pulse 134. E 32. No cyanosis. 
Adams States he is having some respirator}' difficulty. Coughing if attempts to lie on rt. 

side or on talking. Dr. Graham notified of condition. Given Aspirin 10 gr. and 
Codeine 1 gr. to lower temp.’’ 


Pig. 1 .—Roentgenogram showing pneumothorax and Lipiodol hroncliogram. The pneumothorax 
was accidentally Induced when a thoracentesis was performed. 

4-19-33 “Patient’s general condition about the same this A.M. except less respiratory dis- 
Adams tress, less cough, and less pain since midnight. Fluoroscopy reveals similar con¬ 
dition as that seen yesterday morning. Under general anesthesia a #14 catheter 
was inserted through a trocar into cavity at level of 4th dor. vert, just medial to 
scapula. 150 cc of thin redish-brown pus was removed. Open drainage established. 

It appears tlie bronchus began to leak 13 days after the operation. Cer¬ 
tainly no one could accuse the staff of prescribing too much medication. 

A few years after the first successful pneumonectomy for carcinoma of the 
lung, rumors were circulated that the lesion was not really a carcinoma, but 
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an adenoma The ama/infi longoMti oi mismfoun.ition has been demonstiated 
heeatise to tins day one ocension.ilh hcais this nnsstatcnicnt lepeated It is 
appiopiiato, tluiefoie to show a idiotoiruph of the gioss specimen and the 
photoimeiogiaph (rigs 1 2, and j) 





FIpt 2-—Tile erosa spoclrnen atioiilnp n bronclioccnic carcinoma in the iert upper iobe 
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While the patient was recovering fi'om the ijneumoncetoniy, thoraco¬ 
plasties, and thoracostomies, the meeting of The American Association for 
Thoracic Surgery was held on May 9, 10, and 11, 1933. Before attending in 
absentia the Sixteenth Annual Meeting of the Association in Washington, 
D. C. it is important to conclude the case report. The patient is vigorous, 
living and well twenty-five years after the removal of the left Iinig. 

THE AMERICAN ASSOCIATION FOR 
THORACIC SURGERY 

Officers 

President, George P. Muller, Philadelphia 
Vico President, George ,T. Heuer, New York City 
Secretary, Duff S. Allen, St. Louis 
Treasurer, Edward D. Churchill, Boston 
Editor, Evarts A. Graham, St. Louis 

Council 

Frederick T. Lord, Boston Walter E. Lee, Pliiladclphia 

T. C. Davison, Atlanta Emile Holman, San Francisco 

Edward S. Welles, Saranac Lalce 


The American Association for Thoracic Surgery 
Washington, D. C., May 9, 10, 11, 1933 
Hotel Headquarters — The Willard Hotel 

Program 
Tuesday, May 9 

9:00 A.M. National Museum Building. 

1. Business Meeting of the Association. 

2. The Results of Phrenic Nerve Operations in 225 Cases With a Discussion of the 

Technique of the Operations. 

Dr. H, Ryerson Decker, Pittsburgh. 

3. An Estimate of the Value of Phrenic Nerve Interruption for Phthisis Based on 654 

Cases. 

Dr. John Alexander and Dr. Lawrence Nehil, Ann Arbor. 

4. Experimental Study of the Effect of Phrenicectomy on Cough. 

Dr. Herbert A. Carlson, Minneapolis, Dr. Harry C. Ballon, Montreal, 

Dr. Hugh M. Wilson and Dr. Evarts A. Graham, St. Louis. 

5. Thoracoplasty. 

Dr. E. J. O’Brien, Detroit. 

6. The Operative Mortality From Thoracoplasty in Pulmonary Tuberculosis. Analysis 

of 6 Fatal Cases. 

Dr. H. L. Beye, Iowa City. 

7. A Study of 150 Cases of Thoracoplasty for Pulmonary Tuberculosis During the Past 

Two Years — Reflection of Technique and Results. 

Dr. Pol. N. Coryllos, New York City. 

8. Bronchogenic Carcinoma. Special Reference to Its Classification, Prognosis and Treat¬ 

ment. 

Dr. Louis H. Clerf and Dr. B. L. Crawford, Philadelphia. 

1:00 P.M. 

1. Collapse Therapy and the Ambulatory Patient. 

Dr. J. A. M 3 'ers, Minneapolis. 
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2 Tlio Future Surgjcnl Stntii'! of the Collip«?e Ther-ip^ Pntient 
Dr T T Kin'^elh, Oik T< n ice, 'Minn 

T Pneumori\crnoIjsH in tlie Treifmcnf of Pulmonary Tuberculosis 'With Cantitiou 
Dr Ilirold Nculiof, Ncu "i orl Cih 

4 Non Pcnetniting- ^\oun^ls of tlie Deirt TIic Cirdinc Jlinifestations Brought About 

bj Acute Penplienl Compre‘i«‘ion 

Dr Cl ludo S Bed ind Di Eriicsf Bright, Cle^elind 

5 Reniovil of Needle Prom the Heirt With Electrocirdiognphic Studies Before, During, 

and Vfter Opc r ition 

Dr Francis ‘^ermiger, ‘Vrontrei? 
t) The Dmgnosis ind Trcitment of EncipMil itod Fmpiemiti 
Dr \V Hudson Detroit 

7 Moving picture studj of the trt itnieiit of acute cnipjemi 

Dr Tos Gnlc Afadison 

8 Moiing picture studi of tJie treitroeiit of acute eiJip>ei«i 

Dr Rilpli B Bcftmin, Cfiicigo 


9 00 V M 


Wediiesdii, jVfij 10 


1 Executive Meeting of the Vs«ociition 

2 President's A llrcMS 

Dr George P Muller Philulclphia 

3 Address on Lung \.l cess and Pleunl EtFusion 

Dr Marcl‘>elin Pans France (Bi special iniitition ) 

4 Pnoumonectomj fo Sirconii of Lung in a Tuberculous Patient 

Dr Ilouird I ilicntlial, Non "iork Citj 

5 Dernio/ds of tho Mecbistinum 

Dr Carl A Hcdblora, Chicago 
G Intrithoneic Teratomas 

Dr S W Harrington, Bochester, Minn 

7 Esopliagcctoniy for Cancer of the Upper Fsopingua 'With Lessons Denied From an 

Operative Failure 

Dr P E Truesdale, Fall River, Mass 

8 Experiences W ith Oleothorax Treatment 

Dr Jolm N Hiyes nnil Dr Luiro-ioii Broun, Siramc Like 


1 00 Pit 

1 Actne Contrict.ht, of the Bronchopnlnmn rr, Sniooth Mu.clo ns Demonnfr-,f«I by 

Electrobronchographic Records 

Dr Ethan F Butler, Elmira, N I . t> n > m i 

„ . ^ -rtaictions of tie Pleura to the Bacillus of Tuberculosis 

2 An Experimental Studj of the 

Dr W S Lemon, Rochester, Mma 

^ , ..,-„.nal Distention on the Lung Volume 

3 Effects of Lnparofon., md A «lo Beecher, Dr H H BrvUH«,ind 

Dr Effnarrt D Cliuicliill »r i • 

® ® Hneniolliom't An E\perinien(i/ MiJ Cbnical S ad, 

4 Tl.o Treatment of TraumaW J 

Dr D C BIkm am g for Belief of Cardne Pam 

5 PhjsiologicalDcfernnaanlsin 

Dr Peter „,o paralyzed Diaphragm 

6 The Tensile Strength^M^^^ 

Dr BicUard Cirrhosis of the Liinir A Prehmiinr} Expenmea'*^ 

7 Extreme Comprise'’" po.p.ng, China 

^ ** T-s banquet 
8 00 PM PEBSIDEJ^^ ® 



294 


BLADES 


J. Thoracic Surg. 
September, I9S8 


9:00 A.M. 


Thursday, May 11 


1. Bronchiectasis. 

Dr. James A. Miller, New York City. 

2. Selective Surgical Collapse for Lung Abscess. 

Dr. Eichard H. Overholt, Boston. 

3. Fixation of Chest Lesions With Subsequent Compression. 

Dr. W. P. Herbert, Asheville. 

4. Oidiomycosis of the Lungs. 

Dr. David T. Smith, Durham, N. C. 

5. Experimental Pulmonary Lesions of Aspergillus Niger: 

Fungus on Experimejital Pulmonarj' Tuberculosis. 

Dr. Norman Bethune, Montreal. 

6. Suture of the Lung. 

Dr. Frank S. Dollej’, Los Angeles. 

7. Intrapleural Pneumolysis. A Critical Eeview. 

Dr. Julian A. Moore, Asheville. 


Superimposition of This 


The following officers were elected for 1934: 

President -Dr. George J. Heuer-New York City. 

Vice President-Dr. John Alexander-Ann Arbor, Mich. 

Secretary -Dr. Duff S. Allen-St. Louis, Mo. 

Treasurer-Dr. Edward D. Churchill-Boston, Mass. 

Editor-Dr. Evarts A. Graham_St. Louis, Mo. 


The following were advanced from associate to active membership: 


Dr. I. A. Bigger_ 

Dr. Alfred Blalock- 

Dr. Peter Heinbecker_ 

Dr. W. A. Hudson_ 

Dr. Eichmond L. Moore_ 

Dr. LeEoy S. Peters- 

Dr. David T. Smith- 

Dr. Owen H. Wangensteen. 


.Charlottesville, Ya. 
■ Nashville, Term. 

St. Louis, Mo. 
Detroit, Mich. 
Asheville, N. C. 
Albuquerque, N. M. 
Durham, N. C. 
Minneapolis, Minn. 


The following were elected to associate membership; 

Dr. William Adams- 

Dr. Clyde Allen- 

Dr. J. B. Amberson- 

Dr. Marr Bisaillon-- 

Dr. Maurice Fisher- 

Dr. Wallace Frank- 

Dr. Cameron Haight- 

Dr. George F. Herben- 

Dr. Chevalier Jackson, Jr- 

Dr. Poster Murray- 

Dr. J. W. Nixon_ 

Dr. George Ornstein- 

Dr. John Powers_ 

Dr. Leo Eigler_ 

Dr. Willard Van Hazel_ 


-Chicago, 111. 
-Detroit, Mich. 
-New York City 
-Portland, Oregon 
-Eochester, N. Y. 
-Louisville, Ky. 
-Ann Arbor, Mich. 

■ Loomis, N. Y. 

■ Philadelphia, Pa. 
Brooklyn, N. Y. 
San Antonio, Texas 
New York, N. Y. 
Boston, Mass. 
Minneapolis, Minn. 
Chicago, HI. 
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Of the thiity-five spieiitifio papeis picsented twenty-five yeais ago mote 
than a thiicl weie on \aiioiis aspects of the tieatment of tuberoulosis InUr 
est in the heait was manifested by thiec impoitant papers Theie was onh 
one picscntation conceding hionehogenic caioinoma and tw’o on rnedwstm.il 
tumois Tlie subjects of empyema and Iuiik abscess had their shaie of at 
tention and it appears tliat one lialf daj' was desoted to e\peimiental studies 
in much the same way tliat tunc is set aside for the forum in oni present pro 
grams 

Tire esophagus rated only one paper with lessons reported from a failure 
of esophagectomy for carcinoma of the upper thud of the esophagus History 
has a strange w'ay of i opeating itself. 

'J'iieic were sixty-seven members present at the meeting twenty-five years 
ago, fifty-three active, twelve associate, and two senior members, a sharp 
contrast to the Thirty-Seventh Annual Jfeetmg of the Association in Chicago 
at w'hieh there were more tliari one thousand registrations 

The mcofing in AVashington was held in a small lecture room of the 
Smithsonian IMriseum The place of the meeting was determined bj the 
Congress of Airier roan Physiciairs and Surgeons This was the last time The 
Aineriean Association for Thoracic Surgery met as a component niemhei ot 
the Congress * 

The Program Committee this year iccencd one hundred and fifty-four 
abstracts for consideration Enough outstanding papers were available to 
fill three full programs One might long for the good old dnjs, but a cpraitei 
of a eoritury ago the trials of tiro program comniittee were expressed by Br 
Muller in his presidential address 

“This >e-lr for the first time jour Progrsni Commitlco Ins heen emlnrrs^scil bj the 
quantity of niatena] offered and found it difficult to follou the rule of ncceptiiig all offerings 
from members It seems to me that iii the future, eomniitteos Mill find it espedient to 
select those papers uliicli offer neiv thoughts or arc suffii lently controrerMal to excite dis 
cussion “ 


One paper deserves special attention Not for tire pieseutatron itself, but 
becanse of the battle of semantics which it precipitated I refer to the paper 
“Pnenmonectomj for Sarcoma of the Long m a Titheiculous P.atient” by 
Dr. Howard Lilienthal 

It is safe to assume that Hr Graham was elated about the patrent back 
in St Lonis who had srrrvived the removal of an entire Irrrrg It rs not sirr- 
prisrng, therefore, for hrnr to discirss Di Lrlierrthal’s pneuruonectonry ease in 
a confident way arrd to deseirbe hrs now eoirvaleseent patrent arrd the detarls 
of the case in a scholarly manner The trespass into the field of etyrnologj', 
liowe^ Cl, was most unfoitunate 

A portion of Dr Graham’s discussion is as follows 

Di Eiurts A Grulinm (St Louis)-I ">“«'> interested in this c-ise of Dr. Lihen 
tlml hec'uuse ho opeo-ited upon his enso just a short time before I performed a complete 

- T-fhon FiafTff Butlers ‘lUtle black book’* Dr Duff An«n. the Secre- 
i- rm,nt‘‘uS‘’r.e’n?LSi't bocau"e Iwrf Allen was liaMne a babj Br Butler xras Uraflca to 


could not be present because 
serve as secretary 
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pneumectomy. In my case, however, fortunately the result was successful. I do not call 
it pneumonectomy, as Dr. Lilienthal does, because I have the support of the Oxford dictionary 
and various other dictionaries to call it pneumectomy instead of pneumonectomy. 

The Oxford dictionary and other references did not impress Dr. Pol. 
Coryllos who not only was a Greek, bnt knew the Greek language well. 

Dr. Pol. K. Coryllos (New York).—(Illustrating on blackboard.) Pir.st a point of 
etymologj*. I agree with Dr. Lilienthal that the correct Greek term for excision of the lung 
is “pneumonectomy” and not “pneumectomy” as proposed by Dr. Graham. The lung in 
Greek is '7r>'ei'/iui--oros, whereas 'Jrvev/ia-aTos means air or spirit. The second part of the 
term, “exTogn” (excision) indicates the action exerted upon the lung, therefore the latter 
must be placed in the genitive (TTrei’/ioroj) the radical of which is ‘irvevfiov- so that the com¬ 
posed word will be ‘ ‘ pneumonectomy. ” “ Pneumectomy ’ ’ on the contrary means ‘ ‘ resection 

of air, ’ ’ and if correctly constructed should be pneumateetomy. It is according to the same 
rules that are constructed the terms gastrectomy, ureterostomy, salpingectomy, otorhino¬ 
laryngology, etc. I hope that this literary digression will help to settle that question. 

This must have been a bitter pill since Dr. Graham was a real stickler 
on diction, grammar, and particularl 3 '^ superior about his knowledge of word 
roots. 

It is impossible to determine accurately the exact number of surgeons 
who were engaged in a significant amount of thoracic surgery twenty-five 
years ago. Certainly no more than a hundred in the United States and 
Canada, probably considerably less. Onlj-- a fetv limited their work to the 
chest and most of them were prominent general surgeons who were inter¬ 
ested in developing a new field. There were a few physicians with little or 
no surgical training attempting to do chest wall operations on patients in the 
tuberculosis sanatoriums. 

Opportunities for training in thoracic surgery were limited. In most 
instances the program was integrated with general surgery with sometimes 
the addition of fellows who might spend an extra year or two in clinical work 
and research projects connected with thoracic surgery. A few exceptions, 
however, were developing. In January of 1933, Dr. John Alexander estab¬ 
lished at the University of Michigan a training program in thoracic surgery 
with a minimum appointment of two years’ duration. Others, including Dr. 
E. J. O’Brien, Dr. Pol. Coryllos, and Dr. Louis Davidson established residencies 
devoted exclusively to surgery of the chest. 

Two philosophies were beginning to develop. One, a concept of exclusive 
specialization in thoracic surgery. The second and more popular then, addi¬ 
tional training for the surgeon who might also operate in the chest, but remain 
principallj^ in general surger 3 ^ 

Twenty-five years ago only a small minority accepted the feasibility of 
specialization. The field seemed too small; the patients were poor physical 
and financial risks; and economic suicide was often predicted for those foolish 
enough to desert general surgery. 

Reliable data concerning the number of surgeons in this country limiting 
their practice to thoracic surgerj^ are not available. It has been estimated that 
in the neighborhood of two hundi*ed and fifty do so. The remainder of those 
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no'rt ceitified bj the Boaitl of Thoiacic Suigoiy do not Aftei twenty fi^e 
yeais the diffeienoes of opinion conceinnig specialization leinain, but in ditfei 
ent piopoitioiis 

It IS appal ent, howeiei, that the dire financial disasteis piedicted foi the 
specialists iveie umv an anted An impoitant factoi, of couise, has been the 
thoi aeic sin geon’s sueeessful \v i estling match u ith nose and throat specialists 
foi the eontiol of endoscopes 

Onginally the meinbeis of oui Association weie not leeeptive to estab 
lishing a boaid of Thoiaeie Singeij It ivas flist discussed in 1936 and a com 
mittee appointed to stiidj the question In 1937 the committee’s opinion ivas 
that there iias no need foi ceitifieation of thoracic surgeons bj a sepaiate 
Board at that time 

In 1945 a second committee iias appointed and made its report in 194G 
A lecommendation ivas adopted faioiingthe foimation of a Board of Thoiaeie 
Sin geij as a subsidiaiy of tlic Ameiiean Boaid of Suigeij A plan of oigaiii 
zation uas established in 1948 bj the Eggeis Committee And the Boaid of 
Thoiaeie Singeiy nas ineoipoiated iindci the laws of the State of Michigan 
on Aug 31, 1950, as a subsidiarj of the Ameiican Board of Suigeiy 

Tlieio aie now two hundied and twentj eight foundei inembois, and in 
the decade of OMstenoe file hiindicd and thiitj foiii candidates haie been 
ceitified by examination 

A total of soien hundied and si\ti two siiigeons hare a eeitifioate stating 
they aic piopeilv qualified to opciate upon the chest of then fellow man The 
leceiit ciop of thoiaeie suigeons has been abundant Two hundied and fifti 
nine have been ceitified in the past 3 years It miglit appeal that the prin 
ciple of supply and demand is being violated 

The establishment of fiist the Amencan Boaid of Suigeiy and later its 
subsidiaiy, the Boaid of Thoracic Suigeij, stimulated surgical segiegation 
Influenees on rank and assignment during AVoi Id Wai II gai e a final and 
might} emphasis to Boaid ceitifieation 

Piaetically all suigieal specialties weie oiiginalh developed hi general 
suigeons, but in most instances have become distinct and separate fields of 
endcai oi as the specialty dev clops 

Ineiedibly complete seveiaiicc with one of the oldest suigieal specialties 
has been so ladical that suigeons ceitified bv othei Boaids must relinquish tli^ 
pieviously eoiifeiied sheepskin to become eligible foi certification 

Toi tuna tel}, theie is little chance of suigieal contamination m this fur 
tieulai speeialt} since onl} one }eai of inteinship is required before th- 
special tiaining 

The tendeiic} to diift fiom old patterns of emphasis on general surg-C 
IS shown b} the leqiiiiements of othei Boaids Foi txdinph, the A'turo^r^' 

cal Boaid leqiiiies onl} one}eai of suigieal inteinshipp-ffimmaiw to t-rr - 
111 the specialty The Boaid ot Oithopedic Siirgcn spiYifies g } car o'"a" "■ 
ship and one }eai of geneial snigical lesidcncv as a p’-eln-unai’} 

The Boaid of Thoiaeie Suigiiv is a subsidian of tLt J 
Suigei} Total dependence on general suigcr} is 
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the definition of siibsidiaiy—meaning: furnishing aid, auxiliary, tributaiy, as 
a capacity; secondary. 

No Board has more rigid requirements. Certification by the American 
Board of Surgery and an additional two years of training. 

Our rigid standards resulted from the philosophy that all engaged in 
thoracic surgery must first be trained in general surgery. Certainly one of the 
reasons for this particular emphasis was to discourage physicians who entered 
the field via the chest wall route Avithout preAUOus experience in surgery. 
Time and the combination of antibiotics Avith the modern surgical treatment 
of tuberculosis have practically eliminated this group. Probably another fac¬ 
tor Avas the failure of other specialty Boards to require adequate basic surgical 
training. 

Fortunately the original plan of tAA'o Avritten and tAvo oral examinations 
has been condensed AAuth the elimination of the AAwitten examination in thoracic 
surgery. The first part of the general surgical Board, hoAvever, noAV includes 
a certain prescribed percentage of questions relating to thoracic surgery. 
This change, hoAvcAmr, has created problems for the young surgeon Avho has 
little or no contact AAuth thoracic surgery diu'ing the general surgical training. 

It is easy to comment that in a properly integrated serAuce the trainee 
should have sufficient background to ansAver correctly the questions on thoracic 
surgery. In many instances, hoAvever, this is simply not the case. Depending 
upon the pattern of training the general major and the thoracic major might 
find this examination quite difficult. 

There are noAV eighty-nine hospitals approved for training in thoracic 
surgery. One Avonders if there are really eighty-nine institutions in existence 
in our countxy AAuth sufficiently Amried clinical material and available teachers. 
This is a particularly pertinent question in regard to surgery of the heart and 
great vessels. 

Neither the American Board of Surgery nor the Board of Thoracic Sur¬ 
gery attempt to define independently an acceptable training program. Eesi- 
dencies in surgery are Judged by a conference committee consisting of repre¬ 
sentatives of the Council of INIedical Education of the American Medical As¬ 
sociation, the American College of Surgeons, and the American Board of Sur¬ 
gery. IMoreover, the American Board of Surgery and its subsidiary, the Tho¬ 
racic Board have made it clear that they are not concerned Avith special prm- 
leges or recognition their diplomates may obtain by Aurtue of certification. 
This is in sharp contrast to many specialty groups avIio make their oavu ground 
rules for training programs and emoluAuents for their certificates. 

Thoracic surgery is uoaa'^ a distinct specialty and it is safe to predict it 
wtII become eA''en more so. And, it makes little difference hoAv each of us in 
this Association feels about it. The public and the nonsurgical segment of 
the medical profession haA^e nurtured .specialists and, in fact, demand them. 

Othei’Avise intelligent members of our profession are A'ery apt to classify 
a colleague as a Board man or not a Board man. The layman has a similar 
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appi-onch with different terminology. The surgeon is a heart man, lung man, 
or some kind of man whom they associate vith the repair or eradication of 
various vital or semivital organs. 

It would bo difficult for surgeons rvho have fulfilled the qualifications for 
certification in thoracic surgery to lose interest in general surgery. Once, how¬ 
ever, they are labeled they are often confined to a single field of endeavor. 
This is particularly true of those in private practice. A small minority of sur¬ 
geons in full time clinics and medical schools are not quite so limited, but even 
in these institutions the trend is toward regional specializaton as far as operat¬ 
ing is concerned. 

Although the battle for various organs continues, the chest man has been 
gaining ground, or perhaps better stated, not infrequently sueeessfull.v raids 
outside of his designated body cavity. 

On the left he can slip through the diaphragm for spleens or stomachs 
without treaty violation serious enough to cause a major battle. And on the 
other front, a th.vroid gland which isn't well above the sternal notch is fair game. 

Conversely, surgeons now designated as generalists are fighting valiantly 
on two fronts. They have been pushed down on the left flank by the chest 
specialist and forced upward on the other major battle-field by the eolon-rectal 
specialist who also has been eommi.ssioned by his Board to engage in this war. 
The war with the neurosurgeons was lo.st years ago. For the most part bones 
have been taken away by the orthopedist, and even burns by the plastic sur¬ 
geon. The gcnei'al surgeon still controls the right flank of liver and gall blad¬ 
der and the midclleground, but his supply lines arc thin. 

This half facetious, but not far from the truth, description of the state of 
surgical affairs may create serious problems for the young .surgeon. 

In the five to seven years after graduation from medical school this now 
not so young surgeon, trained in general and thoracic surgery, leaves tlie 
institutional nest—not because he is incompetent or not wanted—the nest is 
full, and there is the possibility he has had about all of the nest he can toler¬ 
ate. lie searches and flncLs a community he admires and in which there is a 
reasonable chance to make a living. lie may then find it is c.xpedicnt or totally 
necessary to pattern his practice by default. 

If in the community there arc three well-established, fairly young thoracic 
surgeons and the majority of the general surgeons are senile or well on the 
way—general it will be, or the converse may be time. In cither event there 
has been a waste of talent, energ 3 ', and money. 

Prerequisite training in general surgerv before specialization I sincerely 
hope will continue. And it is proper to suggest that other specialties would 
profit bj’ following this e.xamplc. 

It appears, however, present standards or, better stated, rules for trainii.g 
are not realistic and perhaps untenable. 

For e.xample, is it really nceessar.v in every case to spend four years fol¬ 
lowing internshii) in general surgerv before training in fhoracic surgeiy? P / 
it reasonable to prescribe a six months’ minimum credit for fho”"^'''!i~4n' 
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the definition of subsidiary—meaning; furnishing aid, auxiliary, tributary, as 
a capacity; secondaiy. 

No Board has more rigid requirements. Certification by the American 
Board of Surgei’y and an additional two years of training. 

Our rigid standards resulted from the philosophy that all engaged in 
thoracic surgery must first be trained in general surgery. Certainly one of the 
reasons for this particular emphasis was to discourage physicians who entered 
the field "vda the chest wall route Avithout preAUous experience in surgery. 
Time and the combination of antibiotics Avith the modern surgical treatment 
of tuberculosis haA'e practically eliminated this group. Probably another fac¬ 
tor was the failure of other specialty Boards to require adequate basic surgical 
training. 

Fortunately the original plan of tAAm Arritten and tAvo oral examinations 
has been condensed AAdth the elimination of the AAU’itten examination in thoracic 
surgery. The first i^art of the general surgical Board, lioAA’-eA’-er, iioaa’- includes 
a certain prescidbed percentage of questions relating to thoracic surgerj^. 
This change, hcAAmAmr, has created problems for the young sui'geon who has 
little or no contact Avith thoracic surgery during the genei-al surgical training. 

It is easy to comment that in a properly integrated serAuce the trainee 
should haA'e sufficient background to ansAver correctly the questions on thoracic 
surgery. In many instances, hoAA'CA'er, this is simply not the case. Depending 
upon the pattern of training the general major and the thoracic major might 
find this examination quite difficult. 

There are noAV eighty-nine hospitals approA'ed for training in thoracic 
surger}’’. One AA'onders if there are really eighty-nine institutions in existence 
in our country Avdth sufficiently A'aried clinical material and aA'ailable teachers. 
This is a particularly pertinent question in regard to surgery of the heart and 
great vessels. 

Neither the American Board of Surgery nor the Board of Thoracic Sur¬ 
gery attempt to define independently an acceptable training program. Resi¬ 
dencies in surgery are judged by a conference committee consisting of repre- 
sentatNes of the Council of jMedical Education of the American ]\redieal As¬ 
sociation, the American College of Surgeons, and the American Board of Siir- 
gery. Moreover, the American Board of Surgery and its subsidiary, the Tho¬ 
racic Board have made it clear that they are not concerned Avith special privi¬ 
leges or recognition their diplomates may obtain by Adrtue of certification. 
This is in sharp contrast to many specialty groups avIio make their OAvn ground 
rules for training programs and emoluments for their certificates. 

Thoracic surgeiy is now a distinct specialty and it is safe to predict it 
A\dll become eA'en moi’e so. And, it makes little difference hoAv each of us in 
this Association feels about it. The public and the nonsurgieal segment of 
the medical profession haA'e nurtured specialists and, in fact, demand them. 

Othei’AA'ise intelligent members of our profession are very apt to classify 
a colleague as a Board man or not a Board man. The layman has a similar 
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approach with different terminology. The .surgeon is a '""f.’"“"j 

or some kind of man whom they associate M'itl. the repair or eiadication 

various vital or seniivital organs. 

It would be difficult for surgeons who liave fulfilled the qualification 
certification in thoracic surgery to lose interest in general s»'^c‘-y. nee, ion 
ever they arc labeled they are often confined to a .single field of endear oi. 
This’is particularly true of those in private practice. A small minority of .sur- 
gcoiis in full time clinics and medical schools are not (luitc so limited, but even 
in these institutions the trend is toward regional specialiaaton as far ns ojicrat- 


ing is concerned. 

Although the battle for various organs continues, the chest man has been 
gaining ground, or perhaps better stated, not infrequently snece-ssfully raids 
outside of his designated body cavity. 

On the left he can slip through tlie diaphragm for S])leeiis or stomachs 
without treaty violation serious enough to cause a inn.jor hntfle. And on the 
other front, a thyroid gland which i.sn’t well above the slernnl notch is fair game. 

Conversely, surgeons now designated as generalists are fighting vnlinnth’ 
on two fronts. They have been pushed down on the left flank by tlie clirst 
specialist and forced upward on the other major battle-field liy l!ic colon-rcelal 
specialist who also has hccii commissioned by his Board to engage in this wav. 
The war with the neurosurgeons was lost years ago. For the most part hones 


have been taken away by tlie orthopedist, and even lmrn.s by the plastic .sur¬ 
geon. The general surgeon still controls the right flank of liver and gall Mad¬ 
der and the middlegrouiid, hut his .supply lines are thin. 


This half facetious, hut not far from the Iriitli, de.scriplion of the state of 
surgical affairs may create serious jirohlcnis for the young surgeon. 

In the five to seven yeans after graduation front medical school this iioiv 
not so young surgeon, trained in general and tliorncie surgery, leaves the 
institution.al nest—not because he is iiieompetciit or not wanted—the nest is 
full, and there is the possihility he has had about all of tlie nest be can toler¬ 
ate. He searches and finds a community he admires and in wbicli lliere is a 
reasonable ehance to make a living. He may thou find it, is expedient or totally 
necessary to pattern his practice hv default ' 
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sciences? For the interested student the study of physiology, chemistry, or 
almost any science might result in a potential contributor to the progress of 
surgery. Conversely, it would be utterly ridiculous to require all, including 
the uninterested to follow the same pattern of postgraduate education. 

These qxxestions are easy to ask, hut extremely difficult to answer in a 
specific Avay. It is suggested, however, there be feAver rules and that more 
attention be given to quality of training rather than quantity in terms of years. 

A quarter of a century has passed since the pneumonectomy of our case 
report Avas performed by the man Avhose memory Ave honor today. During this 
time, thoracic surgery has progre-ssed from a faltering, dangerous formative 
stage to a recognized surgical specialty. 

More than any other organization in the Avorld our Association Avill influ¬ 
ence the trends of the next tAventy-five years. It is appropriate then, to ask 
ourseh’-es just A\ffiat haAm Ave done and more important, Avhat are we going to do. 

Thanks are expressed to Remington Rand, Ine., St. Louis, for providing photostats of 
the original records AA'hich had been placed on microfilm. 

I am deeply indebted to Doctors Ackerman, Bradley, Burford, and Moyer who made 
records and the photographs of the spceimoo available, and to Dr. James Gilmore who gave 
permission to review the case report. 



FURTHER STUDIES IN THE SURGICAL MANAGEMENT OF 
CARCINOMA OF THE LUNG 


A Further Study of the Cases Treated at the Massachusetts General 
Hospital From 1950 to 1957 

Ldtvmd D Chuuhdl, MD iRichaid H Sweet, MD,j Goidon Scannell, 
A1D , and Eai/e IF Wtlkms, fi ,MD (b) mi itatton), Boston, Mass 


E ight yeais have elapsed since the pieiioiis lepoit of the surgical manage 
mont of pnmaij carcinoma of the lung at the Massachusetts General 
Hospital That leport' included all cases seen in the yeais 1930 to 1950 with 
follow up data on all lesections earned out piioi to Jaiiuai}, 1948 The piesont 
study 1)1 mgs up to date the icsults of surgical management of caneei of the 
lung at the same hospital by adding all eases seen m the pciiod Januaij, 
19S0, to January, 1957, with follow up iiifoimation on all lescetions peifoimed 
bofoie Januaiy, 195G The follow up data have been dnidcd into 2 groups 
identified as “piesent senes’’ which includes all lesoctions cairicd out between 
January, 1948, and Jaiutaij 1956, and “oiigiiinl senes ” The lattei includes 
all cases of lesections pnoi to 1948 The two gioups aic considcied togcthei 
as a “total” senes of 341 cases followed to Januaiy, 1958, lepiesciiting all 
patients undeigoing icsectioii foi caicinoma of the lung at the Massachusetts 
Geneial Hospital fioni 1933 to 1956 Hollow up data aic available on all pa 
tieiits 

The present study as the pieiious one, includes all patients admitted to 
the geneial hospital waids as well as those admitted to the pniate diiisioiis 
binee the opeiations ha\e been earned out bs a gieat numbei of indniduals 
on both the iisiting and lesidciit stalls it would be uiiwanantcd to assume 
a standaidired technique oi extent of lescctioii In geneial, the pnnupics of 
opeiation wcie those outlined in the piciious lepoit Lobtetomj, with le 
moial of all gioss endeiice of disease, was considcied leasonablc when time 
was eiidenee of diminished puliiionaij oi caidiac lesene, when unceitaintj 
of the diagnosis existed and the lesion could be totallj excised by lobeetnni 3 , 
when the lesion was small, penplicial and without CMdeiiee of hniph node 
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extension, and when the cax'cinoma liad extended beyond surgical bounds but 
the bulk of the primary tumor could be removed ixy lobectomy with the hope 
of relieving symptoms. Again, it should be emphasized that the majority 
of lobectomies were carried out not merely as a local excision of a primary 
growth, but as a complete dissection of an anatomic unit of the lung to include 
the adjacent lymph nodes. Similarly, pneumonectomy included as extensive 
dissection of adjacent nodes as the operator deemed advisable, with or without 
intrapericardia 1 division of the hilar struetures as the situation demanded. 
In the present study no effort has been made to separate “radical” as opposed 
to “simple” pneumonectomy or lobectomy nor to correct for those resections 
undertaken when it may have been the estimate of the surgeon that the 
disease had extezided bejmnd the limits of extii’pation. 


PRESUMED 
to be 

CARCINOMA 

PROVEN 

CASES 


EXPLORED 


RESECTED 


SURVIVED 

RESECTION 


' 7 I '9f 





. 


Fig-. 1.—Primary carcinoma of the Umg, 1950 to 1957. 


>Speeilieally excluded are all cases of bronchial adenoma, either the car¬ 
cinoid or cylindroma types, all carcinomas that might reasonably be considered 
metastatic, and all cases of pulmonary alveolar adenomatosis (alveolar cell or 
bronehiolar carcinoma). Although the latter form an extremely interesting 
group of cases, their nature is sufficiently debatable to warrant exclusion from 
the group commonlj^ termed bronchogenic carcinoma. 

Between Jan. 1, 1950, and Jan. 1, 1957, a clinical diagnosis of carcinoma of 
the lung was entered in the records of 719 patients (Fig. 1). In 604 of these, 
the clinical diagnosis was verified by histologic means. Of the 604 proved 
cases, 330 or 55 per cent came to thoracotomy. In 210 of these (35 per cent of 
the proved, 64 per cent of the explored), resection of the tumor was possible 
by pneumonectomy or lobectomy. One hundred and ninety-two patients sur¬ 
vived resection and left the hospital alive (32 per cexit of the proved oases). 
Since the 5-year cumulative survival rate for this period was approximately 
30 per ceirt, it can he assmned that 63 patients survived or could be expected 
to survive 5 years (10.4 per cent of the proved cases). AVhen compared to our 
earlier report these figures represent some improvement. The corresponding 
percentages in the 1930-1950 patients arc: proved cases 681, explored 294 
(43 per cent); resected 171 (25 per cent of proved); survived resection 137 
(20 per cent). 
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It is iioped, but by no means certain, that tlie increase in tlie number of 
resectable tumors reflects an increasing awareness by the medical community 
of tile constructive role of surgery in the management of carcinoma of the lung 
and the value of early diagnosis. In type and duration of symptoms tlie pa¬ 
tients of the present series differ very little from the former series or from the 
many other large series recorded in the literature. There is, however, one new 
and clinically identifiable group, namely, the “survey” case, a designation we 
have applied to the individual whose pulmonary cancer was discovered as a 
result of investigation initiated by the presence of a suspicious .shadow in a 
chest x-ray film taken in the course of a survey, routine physical e.xamination. 
or study of an apparently unrelated medical or surgical problem. 



50-54 55-5^ 40-44 45-4» $0-54 $$-$9 CO-W 10-74 75*79 

ACC GROUP 

FIff. 2 


Age distribution (Pig. 2) has shouni no marked change, although a greater 
number of older i)atienls come to operation now than formerly. The increased 
ago of the patients may account in part for the increased percentage of lobec¬ 
tomies in the present compared to the earlier reijort. In the period 1948 to 
1956, there wore 93 lobectomies and 127 pneumonectomies (43 per cent lobec¬ 
tomies). In the pcilod 1933 to 1948, there were 34 lobectomies, 87 pneumonec¬ 
tomies (28 per cent lobectomies). 

Operative mortality for pulmonaiy resection ap])ears to have stabilized 
at a reasonable level. Among 127 pneumonectomies in the years 194S to 1956, 
there were 13 hospital deaths—a mortality rate of 10 per cent. In the same 
years, there were 93 lobectomies with C hospital death.s—a mortality rate of 
6.4 per cent. It is interesting in view of the widely held clinical impre.s.sion 
that right pneumonectomy is a more severe operation than left that, in this 
same period, there wore 66 right pneumonectomies with C deaths (9 per cent) 
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and 61 left pnennionectomies with 7 deaths (11 per cent). That right pneu- 
inoneetomj’- was avoided in favor of lobectomy which carried an over-all mor¬ 
tality of 6.4 per cent is suggested by the fact there were 58 right-sided as 
opposed to 35 left-sided lobectomies in the same period. 


SURVIVAL 

The survival of patients undergoing resection is presented in the form of 
cumulative surviA'al rates similar to life tables. The method has been described 
in detail by Hill- and by Puffer.® Table I is representative of the method. Here 


Table I. Cdjiulative Survival 
1948-1956 


TIME 

PERIOD 

ENDING 

(YEARS) 

1 

j DEATHS j 

DROPPED 

FROM 

STUDY 

PATIENTS 1 
ENTERING j 

PATIENTS j 
AT RISK 1 

PERIOD J 
MOR- j 
TALITA^ I 

PERIOD j 
SURVIVAL 1 

CUMULA¬ 

TIVE 

SURVIA'AL 


43 

0 

Ffi evm onectomy 
127 127 

34 

66 

66 

1 

17 

0 

84 

84 

20.2 

79.8 

53 

1% 

14 

0 

67 

67 

20.9 

79,1 

42 

2 

C 

0 

53 

53 

11.3 

88.7 

37 

2% 

5 

1 

47 

46.5 

10.8 

89.2 

33 

3 

6 

1 

41 

40.5 

14.8 

85.2 

28 

3% 

3 

1 

34 

33.5 

8.9 

91.1 

25 

4 

0 

1 

30 

29.5 

0 

100 

25 

41/2 

0 

2 

29 

28 

0 

100 

25 

5 

1 

1 

27 

26.5 

3.8 

96.2 

24 


20 

0 

LobecAoviy 

93 93 

21.5 

78.5 

79 

1 

11 

0 

73 

73 

15.1 

84.9 

67 

114 

6 

0 

62 

62 

9.7 

90.3 

60 

2 

4 

0 

56 

56 

7.1 

92.9 

56 

21/7 

6 

1 

52 

51.5 

11.6 

88.4 

50 

3 

8 

2 

45 

44 

18,2 

S1.8 

41 

3¥j 

2 

2 

35 

34 

5.9 

94.1 

39 

4 

3 

0 

31 

31 

9.7 

90.3 

35 

4¥> 

1 

3 

28 

26.5 

3.8 

96.2 

34 

5 

1 

2 

24 

23 

4.3 

95.7 

33 


are presented the cumulative survival rates for all patients undergoing pneu¬ 
monectomy in the years 1948 to 1956 followed to January, 1958. Date of opera¬ 
tion is taken as zero time for a given indiAodual. Mortality rates are calculated 
for each 6-month period thereafter by dividing [the number of individuals enter¬ 
ing a given period and at risk during that period] by [the number of deaths oc¬ 
curring during that period]. If the mortality rate for a given period is sub¬ 
tracted from 100 per cent, a survival rate for the period results. If this, in 
turn, is multiplied by the cumulatiA'^e suiwiA^al rate for the previous period, a 
cumulative suiwival rate for the entire series at a gHen time period is estab¬ 
lished. The results can be effectively shown graphically (Pig. 3). The method 
liermits the maximum use of a group of patients under study by correcting for 
patients Avho are lost to follow-up or for other reasons drop out of the study. 
In the present material, no patient Avas lost to follow-up except b 3 ^ Aurtue of the 
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fact that opeiatjon was clone an insufficient length of time iinoi to the time 
pcuod unclei stuclj Thus a patient opeiatecl upon 26 rnontlis hefoie his last 
lecoided iollow up note would diop out of the stud\ aftei the tune peiiod end 
mg at 2 yeais and ho would appeal in the column maiKed “lost to the studj ” 



B\ coinentiou, such an indniclual would be consideicd “at nsh” duiing half 
the tune penocl in which he was lost to follow up The numbei of “patients at 
risk” dunng a given period, thoiefoic, is the numbei tntoimg a gnen penocl 
minus one half the mimbois of patients “lost” to the stiuh diiiiiig that penocl 
In ordei to poimit compaiisoii and consolidation the sunnal data of the pie 
Mous lepoit base been iccaleulated accoidmg to this method of Hill Table 
II picseiits the 10 jeai cumulatne sunnal statistics foi the entiio senes 


rcBCl II CmWLATlVS Son II At 
All Resfctioss lOSJ 1056 


TIME j 
PERIOD 1 
ENDING i 
(\E\RS) ; 

PFATHS 1 

PROl PEI) 
FROM 1 
STUDN i 

PATIENTS 
ENTFI INC 

I AIIENTS 
VTriSh. 

pirioD 

Mor 

TAi m 

PEI 101) { 

sijRM\ \r ; 

{ UMUI A 
TUf 

SU \1\ \f 

1 

148 

0 

341 

341 

43 

07 

57 

2 

46 

0 

193 

103 

23 S 

76 2 

43 

J 

37 

a 

147 

144 5 

25 6 

74 4 

32 

4 

9 

4 

103 

103 

8 7 

91 3 

30 

5 

6 

S 

02 

8S 

68 

03 2 

28 

6 

5 

10 

78 

73 

68 

93 2 

2() 

7 

3 

4 

63 

Cl 

4 9 

Oo 1 

25 

S 

6 

0 

5(» 

53 3 

11 2 

SS8 

22 

9 

3 

G 

45 

42 

7 2 

02 8 

20 

10 

3 

10 

36 

31 

97 

00 i 

18 


Foi the sake of clarity lesulls haic been pieseiited giaiiliicallj in I’lgs 4, 
5, and 6 These show (1) the 5 st.ii ciiinulatnc sunnal i ite foi the piescnt 
series ot leseetions eompaied with the oiiginal senes eonsidciing oiih patients 
who siinived opeiatioii and theietoie had the oiipoituiv* 4 
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(2) the 10-year cumulative simuval rate for the total series—all cases un¬ 
dergoing resection in the years 1933 to 1956 (Fig. 5); (3) the 5-year cumulative 
survival rates for “survey” eases comiDared with all resections for the years 
1948 to 1956 (present series) (Fig. 6). 


hr the present series there was a 24 x>er cent 5-year cuinirlative survival 
rate for 127 pneumonectomies and a 33 per cent 5-year cumulative survival 
rate for 93 lobectomies. Detrimental to the survival rate of the pneumonec¬ 
tomy group is the higher operative mortality rate (10 per cent for pneumonec¬ 
tomy, 6.4 per cent for lobectomy) plus the higher incidence of “positive” 
Ijmiph nodes (88) among the pneumonectomy patients (69 per cent) as opposed 
to 33 in the lobectomy group (36 per cent). 'Whether the lobectomy group 
would have fared better had they had pneumonectomy is speculative. 



It is interesting to note that there has been no significant improvement 
in surmval statistics in the present compared with the original series if the fac¬ 
tor of operative mortality is excluded (see Pig. 4). It is reasonable to do this 
since many of the original series were operated upon during the developmental 
phase of surgery for pulmonary carcinoma. This should not be interpreted to 
imply that efforts to increase the extent of operation are futile. 

Cumulative 10-year survival rates are shown in Fig. 5. There is an 
appreciable mortality in the 5- to 10-year period after operation. 'We cannot 
say with certainty how much of this mortality can be ascribed to age and inter¬ 
current disease since perforce the majority of our death reports rely on clini¬ 
cal diagnosis and the tables are not comparable to ordinary life tables. How¬ 
ever, many of the late deaths, probably more than half, were the result of recur¬ 
rent or metastatic cancer. There is, as might be predicted, a flattening of the 
suiwival curve after 5 years and it is reasonable to conclude that 5-year sur- 
rtval is a significant measuiu of therapy in cancer of the lung. 
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The smvival latc foi “suirey” cases is inferesting in view of the opti¬ 
mistic hope now pi ovalent that eailiei detection of cases will lesiiltin a gi eater 
peicentagc of siiivivals The definition of “suivey” oases is admittedly an 
appioximato one The o-yeai cumulative suiwival late for 38 “siuvey” cases 
opeiated n])on in the yeais 1948 to 1956 was 42 per cent compared nith 28 pei 
cent for all icseotions eaiiied out dniing the same period (Pig 6). 




rFPECT or POsiTiim nodes 

One of the most dififieult aspects ot the cancel piohlem, ivhelhei it he of 
the lung 01 of any oigan, is to mcasnic amu.itely tin impoitaiieo of luiiph 
node metastasis Thoie aie an cnoiiiious nmnhei of laiiahh-s. 
lot e, been leluctant to dn ell on this aspect of the ],i ’ ’ 
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Our material does not permit an accurate statement of number of nodes in¬ 
volved and whether or not these could be defined as intrapulmonary, regional, 
mediastinal, and other conventional designations. However, as a clinical meas¬ 
ure, if we accept the notation of the pathologist who examined the specimen in 
a careful but “routine” way, ■we discover the following results. Of 56 patients 
undergoing pneumonectomy in the period 1948 to 1953 in whom at least one 
positive node was found, 9 were alive at 5 years (16 per cent); of 28 having 
pneumonectomies with “negative” nodes for the same period, produced 13 
5-year survivals (46 per cent). Of 15 patients with positive nodes who had 
lobectomy in the same period, 3 (20 per cent) survived 5 years; of 43 patients 
with negative nodes and lobectomy 15 (35 per cent) suiwived 5 years. 

SUiniARY 

The experience wdth surgical resection of primary carcinoma of the lung 
at the Massachusetts General Hospital from 1950 to 1957 has been reviewed 
and added to a similar report from that hospital which eovei-ed the years 1930 
to 1950. Complete follow-up data are available in all resected cases (341). 
These data show; 

1. In the recent 7-year period, a greater percentage of patients with 
proved carcinoma of the lung have come to operation than in the earlier series 
(55 per cent compared with 43 per cent). The resectability rate has also in¬ 
creased (35 per cent of proved cases compared with 25 per cent). 

2. The 5-year cumulative survival rate for all patients undergoing resec¬ 
tion for cancer of the lung remains approximately 28 per cent. 

3. The 10-year cumulative survival rate for such patients is 18 per cent. 


3. 
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SHOULD WE INSIST ON "RADICAL PNEUMONECTOMY” 
AS A ROUTINE PROCEDURE IN THE TREATMENT OF 
CARCINOMA OF THE LUNG’ 

Julian Johnson, MD ,D Sc (Aled), Chailes K Knh), iM D, and 
Wtlham S Blakemofe, Ai D, (h) invitation), Philadelphia, Pa 


A t s 'MErTiNG of tile Ameiican Association foi Thoiacic Siiigei^ in Deiuei 
in 1950, Allison, in discussing the papei of Cliuieliill' and associates on 
eaiicei of the lung, pioposed the teiin “ladieal pneumonectomj ” to describe 
the lemoval of all possible mediastinal aicolni tissue, containing the Ijinpliatics 
m continuity with the lung, thci cby omploj iiig the pnneiple pi e\ lously utilized 
111 opeiatioiis foi cancel in othei paits of the bodj 

At about that time, Watson at the Jlemonal Hospital in New Yoih boeanio 
mteiested in the eoneept of ladieal pneumonectomy and subsequently pub 
lislicd seveial papois on the subject* ’ As desoiibcd by AVatson, the dissec 
tion stalls at the ape\ of the mediastinum and all aieolai tissue and lymph 
nodes aie reflected dounuaid as the tiachea, esophagus, and othei impoitiiit 
stnietures, as well as the oontialateial hionclnis aie partially “skeletonized ” 
The poiicaidium is lesectcd tvith the lung and mediastinal tissues after the 
pulmoiiaiy vessels have been divided iiitiapencaidially 

A few yeare ago the Ameiieaii Cancel Societj gave wide ciieulation to the 
excellent motion picture made by Watson and his associates on the subject of 
ladical pneumonectomy This film implied that anj one doing less than a ladi 
eal pneumonectomy foi cancel of the lung might not be doing cv erythiiig pos 
sible to cure his patients Wo had been iciuoving lymph nodes in the medias 
tiiium immediately adjacent to the hiluni, going ovei as fai as the bifui cation 
of the tiachea, but lesected the raoie distant nodes only when theie seemed 
to be involvement of those nodes and, theicfoie, found oiiiselves on the dclen 
sive legaiding the suigieal tieatment of pulmonai-y cancel aftei viewing this 
film AVlien we asked oui suigical Incnds aiouiid the country whethei they 
pcifoimed ladical imeumoneetomics, they seemed hesitant to admit that tliej 
did not and if tliej did admit it it seemed to us th.it the} did so somewhat 
sheepishlj 

The leason foi feeling on the defensive conceining ladieal piieumoiiectomj 
IS that It seems so leasonable, following the same concepts vihicli led to the 
adoption of ladieal masteetomv loi caneei of the bieast and ladieal light 


Fioni the Department of Surgerj H^ospltal of the Unlversltj of Pcnnsjlvnnfa and ttie 
Harrison Department of Surgical ItesearcTi UnHer«sltj of Pennsylvania, Philadelphia Pv 

Bead at the Tiiirty eighth Annual Meeting of The American Assochtlon for Thorne*©^ 
Surgery at Boston Alass Way 1C IS 19 jS ^ 
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colectomy for cancer of the cecum. If it is true that cancer spreads cMefly 
through lymphatic channels, it would seem that there could hardly be any 
disagreement on this subject. It is true that the lymphatic drainage tracts 
from the lung cross the mediastinum, maldng it difficult to remove all of the 
offending lymphatic channels even by radical pneumonectomy, but then the 
lymphatic channels from the breast often traverse the chest wall to enter the 
mediastinum, thus not being accessible in the ordinary radical mastectomy. 
The question natui'allj'' arises, will a super-radical pneumonectomy be proposed 
in which both pleural cavities are opened and the lymph node bearing tissue 
removed from both sides of the mediastinum, and the dissection perhaps car¬ 
ried up to and including the supraclavicular lymph node bearing areolar tis¬ 
sue? Tins super-radical operation has already been proposed for mammary 
cancer and has been carried out by some surgeons. It is obffious that it is up 
to the advocates of radical pneumonectomy for cancer of the lung to demon¬ 
strate that it produces better results than the standard tj^pe resection. 

It should be pointed out that even the advocates of radical pneumonectomy 
do not use it routinely. Watson-’ ^ has limited its use to the patients who are 
considered good surgical risks and, indeed, only 55 per cent of his resections 
were classified as radical pneumonectomy. 

We shall not belabor the point that radical pneumonectomy may carry a 
higher mortality than the standard procedures because it is difficult to com¬ 
pare mortality figures in various series done under various circumstances. 
However, it seems likely that, in general, the more radical the procedure for 
any condition, the higher the I'isk. When Allison discussed this point in 1950,’- 
he mentioned that his mortality had been very high in his early experience ivith 
radical pneumonectomy, although in the year of 1949 he had been able to hold 
it down to less than 5 per cent. In his total series, hoAvever, the moifality was 
23 per cent. Watson,® on the other hand, had a mortality of only 5.5 per cent 
in 74 radical pneumonectomies done from 1949 to 1951, whereas the mortality 
jumped to 25 per cent in 51 radical pneumonectomies done from 1952 to 1955. 
This seems high when one considers that only the good risk patients were sub¬ 
jected to radical pneumonectomy during that period. It also illustrates that 
mortality statistics may be unreliable in short series, since the difference be¬ 
tween the 5.5 per cent and 25 per cent in consecutive 3-year periods is so strik¬ 
ing. The total mortality for the 6-year period was 13.6 per cent. There can 
be no doubt that radical pneumonectomy has been carried out in the hands of 
a good many surgeons vnth a low mortality rate, at least for a period of time, 
but it seems probable that any thoracic surgeon who may be tempted to embark 
on such a program should give some consideration to the probability of increas¬ 
ing his mortality rate at least temporarily. 

The decision as to whether radical pneumonectomy should be insisted 
upon, at least in good risk patients, must depend upon whether better results 
liave been obtained than bj- the standard techniques. No one can deny that 
there is a certain attractiveness to the thesis that results might be improved 
by getting the last lymph node involved by lymphatic spread. It has now been 
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8 yeai'S since Allison proposed the term “radical pneumonectomy.” As far 
as we know, lyafson has published the largc.st series in which 5-yoar survival 
data are given. In his article published in 19oG,^ survival data wore given on 
lie patients operated upon during the ycai-s 1919 to 1951 (Table I). Seventy- 
four patients in that group were subjected to radical pneumonectomy with an 
operative mortality of 5.5 per cent and a 5-year survival of 27 per cent. 


Table I. IVatson—5-1'ear Sukvival in L,ung Cancer 


RESECTION 

NO. 

1 (/c OPERATIVE j 

1 MORTALITY 1 

% 5-vear 
SURMVAL 

Radical pneumonectomy 

74 

0.5 

27 

Simple pneumonectomy 

26 

7.7 

23 

Lobectomy 

16 

18.7 

25 

Totals 

116 

7.7 

26 


Twenty-six patients in that same period had a standard pneumonectomy with 
a 5-year survival of 23 per cent, and 16 had a lobectomy with a 5-year survival 
of 25 per cent. In the total series, the 5-ycar suiwival was 26 per cent. AVatson 
was encouraged to continue the use of radical pnenmonectomy on the basis 
of the dift’erential 5-year sumval of 27 per cent for radical pneumonectomy and 
23 per cent for standard pneumonectomy. AVhen one considers, however, that 
it was the good risk patients who were subjected to radical pneumonectomy 
and that age is certainly one of the factors involved in the risk, it would not 
seem at all improbable that a higher percentage of the aged were subjected to 
simple pneumonectomy and that this might very well account for the lower 
5-yoav survival rate in that group. It might also be suggested that the second 
3-year period may not give as good a 5-ycar survival since the mortality for 
radical pneumonectomy in that period jumped from 5,5 to 25 per cent. 

Gibbon and his associates’- ’ have advocated an aggressive approach in 
resection for carcinoma of the lung. In their report covering 145 resections,'' 
the vessels were divided intrapericardially in about 50 per cent. The report 
implies, however, that the radical operation was used for the extensive lesions 
rather than the early ones. They contended that lobectomy was justified only 
when the patient’s condition would not permit a pneumonectomy." The 5-year 
survival in their series of 145 resections was 21 per cent. 

It seemed to us that it would be worth while to review our 5-yoar survival 
data since wc have pcrfoi-med the standard typo resection exclusively in our 
series. It is true that we have sometimes done more radical operations for car¬ 
cinoma of the lung, ligating the vessels inside the pericardial sac and resecting 
largo masses of nodes involved by tumor, but wc have not “skeletonized” the 
ti-aehea, the esophagu-s, and the great vessels in the mediastinum in good risk 
patients with early carcinoma. Our radical procedures have been confined to 
those patients who had tumors outside of the lung, making it necessary to cari-v 
out a more extensive resection in order to get around the palpable tumor. 
Thus, none of our patients can be said to have had a radical pneumonectomy in 
the sense that it was proposed by Allison. 
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_ The experience with carcinoma of the lung at the Hospital of the Univer- 
sity of Pennsylvania from Jan. 1, 1939, to Jan. 1, 1958, was with 764 patients, 
hlfty-one per cent were explored and 33 per cent were subjected to resection. 
Ihe operative mortality was 8.6 per cent. Not all of these patients had histo¬ 
logic proof of carcinoma of the lung. Some, who were not subjected to opera¬ 
tion,^ had a clinical diagnosis only and many of them were never seen by our 
surgical group. However, it was the clinical impression that these patients 
did have carcinoma of the lung and we present these data regarding the entire 
series in an effort to show the tnie ravages of the disease rather than confining 
ourselves only to those eases which were seen by us personally and histologi¬ 
cally proved. Because of this, the figure of 33 per cent of the patients of the 
entire series being subjected to resection may seem a bit low as compared with 
other series, but 65 per cent of those explored were subjected to resection and 
this is in accord with other reported series. In this report we have confined our 
attentions to the patients seen more than 5 years ago. In the period from Jan. 
1, 1939, to April 1, 1953, a total of 344 patients who clinicallj’’ were judged 
to have cancer of the lung were seen at the Hospital of the University of 
Penns 3 dvania (Table II). Of these, 192 (56 per cent) were explored, and 116 
(34 per cent) were subjected to pulmonary resection. There were 9 deaths, 
giving an operative mortality of 7.7 per cent. Of this group of 116 patients. 


Table II. Carcinoma op Lung January 1, 1939— April 1, 1953 



NO. OF 
PATIENTS 

% ! 

5-year survival 

NO. 1 % 

Olmioal diagnosis 

344 




Explored 

192 

56. 



Resected 

116 

34. 

31 

26.7 

Operative mortality 

9 

7.7 



Pneumonectomy (standard) 

99 

7. 

26 

26.4 

Less than pneumonectomy 

17 

13. 

6 

35. 


31 lived for 5 years or more, giving a S-jmar survival rate of 26.7 per cent of 
those subjected to resection or 9 per cent of all patients judged clinically to 
have carcinoma of the lung. In the group subjected to resection 99 had pneu¬ 
monectomy with 26 per cent 5-year survival, and 17 had less than a pneumonec¬ 
tomy with 35 per cent 5-year survival. It will be seen that our 5-year sundval 
rate of 26.7 per cent is comparable to that of Watson's 27 per cent and is 
essentially the same as Gibbon’s 21 per cent if one takes into consideration the 
difference in operative mortality. Using the published 5-year data from the 
six clinics^’ shown in Table III, it would appear that the 5-year survival 

rate tends to show an inverse relationship to the operative mortality. 

It is admittedly rather early to be judging the results of radical pneumo¬ 
nectomy since the number of patients operated upon bj’’ that technique more 
than 5 years ago is still comparatively small. At the present time, howevei, 
and until further data are available, it cannot be said that radical pneumonec¬ 
tomy is a superior operation to the standard type resection from the standpoint 
of 5-year survival. 
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Table III 5'iEAP Survival — Carcinoma or Lung 


SENIOR AUTIIOP AVD lEAP 

\TJMBFP 

RLSEcrrn 

I %OrEPATI\E 
' MOPTALIT^ 

% PESECTED 
PATIEN T 

5 YEAP 
SUR\I\AI 

% TOT VL 
rmEVT 

5 YEAP 
SURMVAL 

Churchill 1950 

69 

19 9 

14 5 


O^erholt 1956 

234 

15 

OQ 

76 

Ochsner 19d6 


19 2 

lo 

55 

Wat*?©!! 1956 

Radical pneumonoctomj 

74 

55 

27 


Less than radical 

pneumonectomy 

42 

11 

23 8 


Gibbon 1956 

145 

23 

21 

84 

Johnson 1958 

116 

7 7 

26 7 

q 


It has only been nithin the last fc« ycais that mc hai e had a clue uhieh 
ma-y help to c\pluii uhj ladieal pneumonectomy at least to date has not 
been shouu to be supotioi to the staiidaid tjpe icsection for cancel of the 
lung AVe beheae the c\plaiiatioii may lie in icecnt evidence legaidinp: the 
spiead oi pulmonary cancel tliiough the blood sticam as uell as thiough the 
Ijmphntic channels Di Tied Collier, until leeently one of our pathologists 
became mteiestcd in tins pioblein® ’ Bj means of special stains lie studied 
the suigioal specimen foi eiideiiee of blood icssel imasion He ivas interested 
m knomng i\Iietlici the picsence or absence of blood lessel iniasion m the 
surgical specimen could bo correlated ivith the sun ii al In tins studi he found 
demonstiable blood \cssol iniastoii m 71 pei cent of the surgical specimens 
Fuithei studies'" indicated that blood lessel imasion uas of far gicatei prog 
nostic sigmflcanco than the presence oi absence of 1} mph node iiii asion Foi 
many ycare surgeons" haie been aiiaic that thcie is eonsideiable diffeionco in 
the eelliilai tvpe of tiimois and that some tumois spioad inpidlj and othois 
spiead slouh It seems to ns that Colliei and ofheis nho hnio studied tins 
pioblem maj base disclosed a cnicial factoi in the uidespiead dissemination 
of these tiimois As has prenonsly been leported it ivas found that iindiffei 
eutiated caieniomas all shoived blood scssel iinasion -nlieieas only 63 poi 
cent of the epideimoid caieniomas 47 pei cent of the bioncliiolai caieniomas 
and 12 pei cent of the caiciiioid adenomas shoued lilood sessel imasion The 
piesence oi absence of blood eessel jneasion has a piofoiind intlncnce upon > 
yeai siinnal In oui picsent senes (Table IV) of 71 patients ivitb blood 
sessel invasion, onlj 4 (6 pei cent) sunned 5 jeais, ubeieas of 36 patients 
without blood vessel imasion 27 (75 pei eent) sunned 5 jeais Tins is of 
niiieh gieatci signifieaiiee than the picscnee oi absence of ij mph node im asion 
Foi evample, of 53 patients with hmpb node imasion, onh 8 (15 poi cent) 
smvned 5 jeais, vlieieas oi 54 patients uithoiit hmpii node invasion, 23 (43 
pel cent) sunned 5 jears On the otlici hand, if the patient bad blood aessel 
am asion, the piesence oi absence ol hmpli node im<isioii had no significance 
In the absence of blood aessel imasion the piesence of hmpb node imasion 
was of some signifieaiiee since of 10 such patients onlj 6 (60 pei cent) siiniaod 
5 jeais The host results weie in the group of 26 pitionls with neither blood 
aessel noi Ijnipb node imasion in which 21 (81 pei eent) siiiantd 
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Table 1Y. CARCiNOJtA op Lung—5-Year Survival of 107 Patients Surviving Besection 


BLOOD VESSEL 
INVASION 

LYMPH NODE : 
INVASION 1 

[ RESECTED 

ALIVE , 

5 YEARS 

PER CENT 

1. + 


71 

4 

6 

2. 


36 

27 

75 

3. 

+ 

53 

8 

15 

4. 

— 

54 

23 

43 

5. + 

- 

28 

2 

7 

6. + 


24 

2 

8 

7. 


10 

6 

60 

8. 

- 

26 

21 

81 


If these studies of Collier and his associates are confirmed by other groups, 
perhaps we should revise our thinking regarding carcinoma of the lung. 
Formerly, spread through lymphatic channels appeared to be the most reliable 
prognostic criteria and it seemed reasonable to extend the scope of the opera¬ 
tion in the hope of getting ai’ound all lymphatic spread. Now it seems likely 
that the spread through the blood stream is of greater significance but that 
extension of the scope of the resection cannot possibly influence this factor. 
As far as we know, these observations on the relationship of blood vessel in¬ 
vasion to 5-year sundval have not yet been confirmed in other clinics. It is of 
some interest to note, however, that whereas our pathologists found 71 per cent 
of the surgical specimens to show blood vessel immsion, Moore and his asso¬ 
ciates,^- who have used a technique for demonstrating cancer cells in the blood 
stream, have found cancer cells m approximately 75 per cent of the patients 
mtli cancer of the lung. 

At the present time there are no data available to indicate when blood 
vessel invasion occurs in a cancer of the lung. We can only say that we have 
seen it present in small tumors aud absent in large ones. Our data would sug¬ 
gest that if it is present in a small tumor, even a radical pneumonectomy is not 
likely to save the patient from widespread dissemination of the lesion. On the 
other hand, the fact that it may be absent in a large tumor has spurred us on 
to make an increased effort to get around such a tumor when it is technically 
possible to do so. It would appear obvious that if there is not blood vessel 
invasion and if the tumor has spread through the lymphatics, a radical pneu¬ 
monectomy might offer a better chance of getting around “that last lymiffi 
node” which may be involved. Our fear has been that the occasional gain 
made on this basis might be more than offset by an increase in the mortality. 


SUMMARY 

1 In an experience with 764 patients with carcinoma of the lung at the 
Hospital of the University of Pennsylvania, 344 were seen years 

ac^o Of this group, 192 (56 per cent) were explored and 116 (34 per cent) 
“ho ooAjoc Jto .-eoeclio,,. The opc™t.ve --“■W 

cent. TMrtj-one or 26.7 per cent ol those snhjeclca to rcseetton, oi 9 Tf 
ol the total nnmher o£ patients, survived 6 yeare or more. Badtcal pneu- 
monectomy was not employed in this series. 
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2 The 5 ^ eai siiivnal so fai icported follo^\ing "ladical” pneumonectomy 
IS not siginficantJy Inghei than we ha-^e obtajnecl 'vvith the sfandaid typo 
I ejection 

3 It IS suggested that until it can be sho^\n that ^‘ladical” pneumonee 
toniy' pioduccs supeuoi lesults, the Ihoiacic surgeon is not obligated to pei 
toim the ladical opeiatioii Hone\ei, -we do not ivisli to diseouzage the lesee 
tioii ol all giossly^ imohed tumoi tissue and feel that the suigeon should make 
a leal ettoit to get aiound the locally nnasne tumoi uhencicr possible 

4 Studies to date indicate that blood \csscl imasioii as found m the sui gi 
cal specimen is of gieatci prognostic significance than Ijunph node iiuasiou 
AVheicas theic %\as only a C iici cent 5 ycai siuvnal in those patients shoeing 
blood lessc] iinasiou in then tunioi, theie was a 75 pei cent 5yeai suniial 
uheii blood acsscI in\asioii was not piosent This inay^ m pait account foi the 
fact that ladical imeumoneetomy to date has not pioduced the gieat lmplo^e 
ment in the 5 y cai sun n al latc uhich uas anticipated 

wisU to express our appreciation to Dr Samuel Askouitz and Miss MarN Jane 
English for their assistance in compiling the statistical data 
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RESULTS IN THE TREATMENT OF BRONCHOGENIC 
CARCINOMA 

An Analysis of 1,008 Cases 

Thomas H. Burjord, AID., Sol Center, AID.* (by invitation), 

Thomas B. Ferguson, AID. (by invitation), and 
Harlan J. Spjnt, Al.D. (by invitation), St. Louis, Aio. 

O KE thousand and eight patients with primary carcinoma of the lung were 
seen b 3 ’' the senior author and his associates at the Barnes Hospital be¬ 
tween Jan. 1, 1948, and Dec. 31, 1955. Appi’opxiate data were obtained from 
the total case record of each of the 1,008 patients fo3‘ this analj^sis. The diag¬ 
nosis was vei'ified in 100 per cent of the cases by microscopic section, the mate¬ 
rial being obtained bj^ bronchoscopic biopsy, sputum cj’-tologj’-, biopsj’- of meta¬ 
static implants, needle biopsy, frozen section biopsy at the time of thoracotomy, 
and examination of the resected specimens. 

The date of follow-up was July 1,1957. The minimum follow-up period of 
this group was therefore 11/2 years and the maximum 9i/^ years. No autopsy 
cases not seen and treated are included. A larger experience dating from the 
first pneumoneetomj'- for carcinoma bj>' Graham in 1933 to 1948 is not included. 
This earlier group for various reasons does not lend itself to aceuj'ate statistical 
analysis. 

Table I. Distributiok op Lusg Cancer by Age 

age j KUSt BEK I PER CENT ~ 

____ _ 

30-39 
40-49 
50-59 
60-69 
70-79 

80-89__ 

_ Totals _ l?0h8 ___100_ 

SEX AND AGE 

Tlie ratio of jneji to women did not differ significantly from other re¬ 
ported series."’ ■*’ ^ There were approximately 8 times as many men (88.4 pei 

From the Divisions of Thoracic Surgrerj- and Sur&ical Patholog>- Washington University 
School of Medicine, and the Cliest Service, Barnes Hospital. . . , 

Read at tlie Thirty-eighth Annual Meeting of Tlie American Association for Thoracic 
Surgery at Boston, Mass., May 16-lS, 1958 . 

•National Cancer Institute Trainee, Miami, Fla. 
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cent) ns women (11.6 poe cent). Age at the time of treatment ranged from 
24 yoar.s to 85 years. Tlie highest ineidenee was eneoimtercd in the fifth and 
si.xth decades (Table I). 

PATHOLOGY 

AVhile minor diffei’cnces exist among surgical pathologists in tlie dc.sci'ip- 
tion of various type.s of lung cancel-, most agree on a .simple classification. The 
Surgical Pathology Division at the Barnes Hospital recognizes the following 
classification: 

A. Epidermoid eareinoma 

B. Undifferentiated carcinoma 

C. Adenoeareinoma 

D. Bronehiolar (alveolar cell) eareinoma 

B. Small (oaf) cell carcinoma. 

All cases of bronchial adenomata have been excluded from this series. 

CELL TYPE 

The histologic nature of the tumors seen in this series proved very similar 
from the point of view of incidence to those reported from other centers.^ The 
majority proved to be epidermoid (57 per cent). Undifferentiated carcinoma 
made up 28.5 per cent of the group, and adenocarcinoma 10 per cent (Table TT). 


Tabi.r II. Hisiotoaic Dia(ino.sis 


TYPE 1 

NUMBER 1 

PER CENT 

Epidermoid 

572 


Undifferentiated 

287 

28.5 

Adenocarcinoma 

107 

10.5 

Broncliiolar 

13 

1.0 

Small (oat) cell 

15 

l.j 

Mbied epidermoid and adenocarcinonm 

14 

1.5 

Totals 

1,008 

100.0 


SITU 

The right lung was the .site of the cancer in 580 patients, and the left in 
428. The tumor arose in the upper lobes in 485 (48 per cent) patients. 1’he 
right upper lobe was the most freciucnt site (25 per cent). The distribution i-. 
shown in Table III. 


Tadcb III. Site of the Luko Cancek 

BRONCHUS 

1 NUMBER ( 

PEH CENT 

Eiglit main 

85 

8.5 

Riglit upper 

252 

25.0 

Bight middle 

39 

4.0 

Intermedium 

49 

5.0 

Right loner 

155 

15.0 

Lett main 

so 

8.5 

Left upper 

233 

23.0 

Left loner 

109 

11.0 - 

Totals 

lioos" 
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SELECTION OP CASES 

In the 1,008 patients, 390 or 38.6 per cent were not considered suitable for 
explox’ation (Pig. 1). In each of these cases the diagnosis was verified by 
appropriate biopsy material. The vast majority were inoperable because of 
geneialized siiread of tumor, including diffuse cerebral or bony metastases, 
bilateral pulmonary involvement, earinal, tj-acheal or chest wall extension. 
The number considered inoperable because of pulmonary insufficiency was 
small because of our policy of advising exploration on all so-called borderline 
eases as judged by function studies and clinical evaluation. Likewise very few 
patients were turned down liecause of co-existent cardiac or renal disease. In 
our experience, intractable heart failure is the only cardiorenal condition in 
wliich surgery almost invariablj’^ leads to serious difficulty. Age was not a 
deterrent. In only 2 patients, both in the 80’s, was surgeiy not advised be¬ 
cause of infiiTuity. 



Pig-. 1.—^JXanagement of 1,008 cases of broncliogenic carcinoma. 

Our policy concerning exploration in the special instances of pulmonary 
cancer has always favored the side of surgical intervention whenever possible. 
This applies to cases of phrenic or recurrent laryngeal nerve involvement, 
chest wall involvement vdthout extensive bony destniction, and to certain 
eases with positive scalene lymph node biopsy or positive pleural fluid. Sur- 
gei’y in many of these instances is obviously palliative. The results of such 
procedures defy statistical analysis, since the patient may not live a day longer 
than the natural course of the disease would allow, but if the patient is done 
no harm by operation and the quality of his remaining existence is improved, 
this certainly is as great a surgical dividend as prolongation of life. Surgeons 
must remember that life for the cancer patient is a matter of quality not quan¬ 
tity. For this reason surgeons treating pulmonary cancer must not let them¬ 
selves be hampered by hard and fast rules of operability and in op ei ability. In 
this regard, exj)erience and judgement count far more than the rule book. Foi 
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example, those who contend tliat a positive scalene node biopsy is a contra¬ 
indication to surgeiy will he doing a number of patients a grave iniustice in 
terms of ultimate comfort. 

RESECTABILITY RATES 

In addition to the 38.6 per cent considered clinically inoperable, 15 pa¬ 
tients (1.4 per cent) refused snrgciy (Fig. 1). The remaining 603 patients 
(60 per cent) had exploratory thoracotomy, and resection was done in 356 
of them. Thus, the resection rate for the entire 1,008 eases was 35 per cent. 
In the other 247 explorations, the tumor was found to be noiu'eseetable, the 
majority because of invasion of hilar blood vessels. 

Pneumonectomy was the preferred operative procedure for all cell types 
except bronchiolar carcinoma, for which lobectomy ivas favored. Of the 356 
resectable eases, 280 or 79.3 per cent, had pneumonectomies, 74 (20.2 per cent) 
had lobectomies, and 2 (0.5 per cent) had .segmental resection (Pig. 2). Our 
figures show that in spite of a prefcicnce for pneumonectomy, the percentage 
of lobectomy eases has been steadily increasing. AVhereas in 1948 lobectomy 
comprised only 3.3 per cent of the total resections, in 1955 the percentage had 



F,e 2 —Type of resection. 

increased to 29.5 per cent. We attiibute this rise to the extended use of lo¬ 
bectomy in palliation and in older patients with borderline respiratory reserve, 
plus its use in selected cases of small peiipheral solitaiy tumors." This latter 
group has not been large in our sciies. In the 2 cases of segmental resection 
1 was a mistaken frozen section diagnosis in which re-operation was not ad 
vised, and the other was a palliative resection for a peripheral tumor with in¬ 
volvement of the chest wall and pain in a poor risk ])aticnt. 

OPERATIVE MORTALITY 

There were 69 deaths (11.0 per cent) within the first 2 months folloirimi 
surgical exploiation (Table IV). Approximately one half of the deaths vere 
due to cardiovascular complications. The routine use of prophylactic preo]"’~'‘ 
tivo digitalization during the past few ycai% has significantly rc^Uteed then"®' 
her of cardiovascular disturbances which endanger ■’ ^ ^ older age 

' S- 
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patient. In tlie group hi which the tumors were found nonresectable at opera¬ 
tion, the mortality was 8.8 per cent. Deaths in cases of pneumonectomy totaled 
13.0 23er cent, and in the lobectomy cases 12,0 per cent. 


Table IV. Opeuative Mortality 


OPERATION 1 

XVMBER 

OF CASES 

XUMBER 

OF DEATILS 

PER CENT 

Exploration 

247 

22 

8.8 

Pneumonectomy 

280 

37 

13.0 

Lobectomy 

74 

9 

12.0 

Segmental resection 

2 

1 

50.0 

Totals 

603 

69 

11.0 


.survival KVTE.S 

In analyzing these results, those patients who were never heard from, once 
they left the hospital, are not included (4.4 per cent). In enses where the pa¬ 
tient was heard from or seen months or years later and then no further follow¬ 
up obtained, it was assumed that the day the patient was last seen or heard 
from was the expiration date, and that death was due to the cancer. 

Of 1.008 cases of primary carcinoma of the lung in this series, 482 patients 
were treated betAveen January. 1948, and July, 1952. Of these, folloAV-up Avas 
obtained in 461 (95.6 per cent). Avhieh represents the total number of cases 



available for suiwival analysis 5 to 91/2 years after diagnosis (Fig. 3). Resec¬ 
tions Avere performed in 182 of these 461 eases, a resectability rate of 39.5 per 
cent The 5-year surviAmi’s in these 182 cases numbered 40 patients, a survival 
rate of 22 per cent. Seventy patients (38.4 per cent) lived more than 2 years 
foUoAAdng operation. The critical period of survival in this series was the first 
30 months after resection. Of the patients who suiwived at least 30 months. 
75 per cent Ih'ed on to become 5-year surAUVors. 

There Avere no 5-A’'ear surAUA’^ors in the remaining 279 inoperable 01 non¬ 
resectable patients, eA’en though almost all of them AA'ere treated Avith x-iay 
therapy or chemotherapy or both. ScAmnty per cent of these patients Avere 
dead ndthin 6 months, and only 4 jiatients, or 1.4 jier cent, Avere alive after 
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2 j’cars, which again cinpliasizes the necessity of reooniinending surgery if at 
all possible in the treatment of this disease. Thus, 40 persons out of the origi¬ 
nal group lived 5 or more j-ears, an over-all survival rate of 8.7 per cent. 

An analysis of the resected specimens on these 40 long-term survivors 
showed, as would be expected, that epidermoid carcinoma was the predominant 
cell type, oceuriing in 31 of the 40 cases (Pig. 4). There wei'e 5 cases of un¬ 
differentiated carcinoma, representing 12.5 per cent of the total number. This 

Q epidermoid 
Undifferentiated 
P] Sronchlolar(AlveoIar) 

H Adenocorcinomo 


Ill m * 

Fiff. A —C€ll type~40 cases with 5-year survi\al. 




Fig-. 5—Photomicrograph showing in\asIon of the main pulmonary artery by e idernit''- 
carcinoma. The \es‘?el wall with stained elastic libers Is at the lower left. Thi«5 jjatlent 
alive and well more than 5 years following resection (VerhoeJT-van Gleson, XI25) 


gratifying finding increases our optimism about this type of caueei- of thek'-' 
and certainly leads us to take exception with those ivlio believe ihatP'’h'""' 
with known undift'erentiated carcinoma should not be treated suigica/h' 
were 2 eases each of bronchiolar ceil tumor and adenocarcinoma. : 

The 40 specimens were fui-ther analyzed for fi-equency of 
blood vessel invasion (Table V). A totally une.vpcetod fii. 
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the 40 cases, or 45 per cent, had involvement of lymph nodes by tumor. The 
number of involved nodes in these 18 cases ranged from 1 to 7, with the average 
being 21/2 nodes per case. Three of the 40 cases, 8 per cent, had obvious blood 
vessel invasion on routine hematoxylin and eosin stains, and 2 of these 3 eases 
also had lymph node involvement. This high proportion of survivors with 
tumor extension to lymph nodes is unusual, since most survival statistics show 
the great preponderance of patients living 5 years have negative nodes.-’ ® It 
has recently been shown that blood vessel invasion may be a more important 
factor in determining prognosis than lymph node invasioip (Fig. 5). 

Table V. Extension op Tumor —40 Cases With 3-Year Survival 

Lymph node involvement ’ 18 eases— 45 % 

Range per case 1 to 7 nodes 

Average per case 2.5 nodes 

Blood vessel invasion 3 cases— 8 % 


Prom July, 1952, to December, 1955, a diagnosis of pulmonary cancer has 
been made in 522 cases, and 496 (95 per cent) have been followed from 1^ to 
5 years (Fig. 6), The ultimate long-tex‘m survival figures are of course not 
complete, but it is interesting to compare trends in tliis group of eases with the 



5 to 9% year group. The number of patients we are seeing with cancer of the 
lung is increasing each year. In the earlier period spaiming 4(/2 yeais 461 
cases were diagnosed; whereas in the more recent period covering only 31/2 
years, 496 cases were seen. There is no indication that lesions are being seen 
at an earlier stage, for the resection rate is actually lower in the 1952-1955 
group, 32.3 per cent, compared with 39.5 per cent for 1948-1952. There is like¬ 
wise no indication that any significant refinement or extension of surgical tech¬ 
niques has been achieved, since comparison of percentage snrvhml of 1 eseetec 
eases in the 2 groups is essentially the same. Of the 160 patients resected fi om 
July, 1952, on, 115 have been followed a minimum of 30 months and, of these, 
20 per cent are alive. In the 1948-1952 group the comparable figure foi 30 
month survival was 25 per cent. 
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DISCUSSION 

This sfiidy once again re-afifirms the discouraging uniformity of results 
that are being obtained thronghout the country in the treatment of pulmonary 
cancer. Table Yl shows clearly the fundaiiieiitnl problem: Only one third of 
all the patients who develop eareinonia of the lung are surgically resectable 
and thus eligible for long-term survival. At Barnes Hospital there has been no 
change in the percentage of resectable cases over the past 9i/4 years. Improve¬ 
ments have come in many areas in recent times. The mortality rates for sur¬ 
gery are quite low, the poor risk patients arc being operated upon more suecess- 
fnllj', and so forth. But until a larger number of the total ease group can be 
seen at a time when the lesion can be removed, it is unlikely that the 5-ycar 
.suiwivor group will ever get over 10 per cent. lYe do not feel on the other 
hand that there is cause for too much pessimism or that talk of fate or biologic 
predeterminism should cloud the issue.” The high incidence of 5-year survival 
we obtained in oases of undifferentiated carcinoma, and in cases with gro.ss 
lymph node and blood vessel invasion, has reinforced our feeling that the most 
important step in curing cancer is still the .surgical removal of all tumor-con¬ 
taining tissue, and that all patients should be considered for resection if there 
is reasonable belief that this can be done. It is certainly time that there are 
some cases of pulmonary cancer wlierc growth is so rapid and invasive that 
the patient is going to die no matter when the diagnosis is made. It is also true 
that in other cases growth is so slow that the diagnosis can bo missed by several 
physicians and still a good result will ensue. But the vast majority of cancers 
of the lung wo have seen progress in an orderly fashion, and without undue 
rapidity—from curable to the incurable stage. This being the ease it should 
be possible with all the diagnostic aids and knowledge at hand to discover them 
in the phase of growth when resection can be <lono on the majority. 


Table VI 


.AUTHOR 

NO. CASrS 

PER cf:nt j 

1 EXPLORED 1 

PER TENT 
RESECTED 

1 PER CENT 

1 O-YEAR vSriKVIVALS 

Burford 

1,008 

CO 

35 

9 

Gibbon 

532 

71 

39 

9 

Kirklin 

707 

48 

24 

8 

Oclisner 

1,170 

52 

33 

8 

Overliolt 

733 

02 

37 

8 


SVmiARY 

1. One thousand and eight histologically confirmed cases of bronchogenic 
carcinoma have been seen between Jan. I. 1948, and Dee. 31, 19.5.5. 

2. The distribution as to sex, age, cell type, and silo of origin did not dif¬ 
fer significantly from other reported sei-ics. 

3. Surgical exploration was earned out in GO per cent of eases. Kesection 
was possible in 3.5 per cent. Fneumoncefomy comprised 80 ])er cent of the 
resections, lobectomy 20 per cent. The pci eentage of lobcetoiny cases increased 
from 3 per cent in 1948 fo 30 per cent in 19.i.). 

4. The over-all operative mortality was 13 per cent. 
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_ 5. The 5-year survival rate for all patients followed an adeqiiate length of 

time was 9 per cent. In the select group in whom surgical resection was pos¬ 
sible, the 5-year survival rate was 22 per cent. 

6 . Study of the resected specimens from the 5-year survivors revealed 
epidermoid carcinoma to be the mo.st prevalent cell type (77.5 per cent), but 
a sui-prisingly high number of undifferentiated tumors (12.5 per cent) were 
present. Almost half (45 per cent) of the specimens showed lymph node in¬ 
volvement, and 8 per cent had blood vessel invasion. 

^ 7. .Surgical resection could be done in only 1 of each 3 diagnosed cases. 
This ratio remained unchanged throughout the 8-year span of this series. 
Significant increase in 5-year suiwivals will be possible only through an in¬ 
crease in the percentage of resections performed. 
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Discus-sion 

(Papers by Churchill [page 301], Johnson [page 309], and Burfokd [page 316] and 

Their Assoclates) 

DR. RICHARD H. MEADE, Grand Rapids, klich.—We have heard three e.xeellent 
papers on a very important subject. I was fortunate in being present at the meeting in 
1933 when Dr. Graham reported his case. It is rather interesting that he was not on the 
program and, after some of the papers had been read, he rose and said, “Gentlemen, I 
think vou will be interested in something I did last week.” He then told us about this case. 

I tliink we should remember that the longest surviving patient with carcinoma of the lung, 
operated upon by Dr. Graham 25 years ago, had the most conservative ts-pe of pneumonectomy 
possible. There was no attempt to remove adjacent glands, and some lung tissue was left 
around the stump. 

It occurs to me that the best way to study this problem is not shown in the series of 
cases presented today but rather from autopsies of patients who have had successful resections, 
to see what happened to them. Through the co-operation of Sir Clement Price Thomas in Lon¬ 
don, we have been able to study 73 cases j 50 of these were simple pneumonectomies and 23 
were lobectomies. The average length of life at autopsy was 20 months; this inten-al 
varied from 3 months up to 96 months, the ionge.st being 8 years before death. 

There was no recurrence of cancer in 32 per cent at the time of autopsy. There was 
recurrence in ipsilateral glands in 28 per cent and in contralateral glands in 4 per cent. 
There was no recurrence in the pulmonary vessel stump in any case, and three recurrences in 
the pericardium. 
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In tlio 23 lobectomies there Aias no recuncncc in 26 per cent; there iias recurrence in 
the ipsiKteral glands in 21 per cent, and no recurrence m the pericardium 

It IS my hope that during the course of the next jear I maj have the co operation of 
this Association so that a representatn c senes may be studied I beheic this is a verj 
interesting naj to approach the problem, to see the end results of pulmonary resection. 

DR GABRIEL P. SELEY, New Yorh, N. Y ”.—X would like to discuss the paper of Dr. 
Johnson. For a number of jears at the Mt. Sinai Hospital in New York, Dr. Otani has 
studied all specimens remoied for cancer of the lung, with particular reference to blood 
•vessel invasion He has found a great number of cases of blood vessel invasion, but partic¬ 
ularly adenocarcinomas. As a matter of fact, m ever^ ca^e of carcinoma of the lung witli 
tlie histologic classification of adenocarcinoma, there has been definite blood vessel invasion 
I al'so wish to bring to your attention the fact that in prognosis of cancer of the lung, 
the histology is extremely important, and >ou will notice in Dr Burford^s figures there 
was an extremely' liigli mortality rate and verj poor survival rate in the adenocarcinoma 
group. I think one should take these things into consideration by doing verj' careful studies 
including neurological examinations, electroencephalograms, and bone surveys when one 
suspects an adenocarcinoma of tlic lung In addition to this, as to the specific technique 
at the time of operation, one should respect these tumors, manipulate them as little as 
possible and, as a matter of fact, one should make every effort m all cases of carcinoma 
of the lung, but particular!} adenocarcinoma, to first isolate the veins and ligate them 
before an} manipulation of the tumor it^Jclf 

I would like to ask Dr. Johnson whether, in his experience with the blood vessel 
invasion cases, the adenocarcinomas have had such a high invasion rate as wo liave found 
at Mt Sinai Hospital 

DR ALFRED HURWITZ, Brook!}!!, N Y—I rise sole!} to take mild issue with Dr 
Burford on one aspect of Ins discussion when he implied tliat other tlian the overt, surgeon 
induced complications, surgery for carcinoma of the lung can do no harm Unfortunatel}, I 
Invc had a few patients wlio<!o postoperative course has been characterized by the rapid 
development of disseminated mctastascs and death Some of those patients have been 
followed by their phvsicians for 2 to 4 jears and Iiave liad minimal sjTnptoms and little 
if any change in the size of their lesions Rigler has dcscnlicd some interesting cases of 
bronchogenic carcinoma whore tlicrc has been little or no change m size on x ray for as 
long as 5 and 6 years Paulson discussed our present dilemma and pointed out that it would be 
a greet boon to mankind if wc could develop aomo biochemical test which would help us to 
decide which patients would react adversely to surgery and which ones would be benefited 
b} exeisional surgery. I am convinced that at times wo may destroy the patient’s biologic 
resistance or state of prodetcrminism whieli he nia} have amassed over a long period 

I also noticed one omission in all three papers None of tlic speakers discus«!ed their 
criteria for defining operative mortality. I hope tlic} vvill define what they mean by 0])crative 
moitality. 

DR IRVING A. SHORT, New York, N Y—In 1934, Dr Rabm and Dr. Nculiof called 
attention to the fact that carcinomata of the lung which appeared as circumscribed shadows on 
the roentgenogram were much more Iikclv to be operable than those winch did not produce 
a discrete circumscribed shadow. Mj study, m 1941, confirmed tins ob'^crvation 

The question has arisen as to what influence the microscopic cell type lias on 
operabilit}. This was studied in a senes of 426 consecutive cases by Drs Ragin, Schein, 
Rubinstein, and myself There were 117 circumscribed tumors and 309 non circumscribed 000 *- 
Although the cell tyy>c docs influence operabilit}, the circumscribed tumors are much 
more apt to be operable in each cell t}pc Thus, in the mature squamous carcinoma, which 
is the most favorable, the percentage of operability of tlio circumscribed tumors was twice 
as great as the non circumscribed ones The difference was even more striking in the 
tumors of tlio less farorable cell tj-pes, namclj, tlio immature squamous, nrlcno , aiinplistii, 
and small icll carcmomis In these trpe, tlw ratio nas G to 1 in f f fllo.«J^is, rihe-l 
tumors. 
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It must be concluded that the circumscription of tlic growth is a more accurate index 
of operability than the cell type. 

_ DE. WILLIAM G. CAHAN, Now York, N. Y.~Dr. Graham showed that it was 
possible to cure cancer of the lung by surgery. Long-term survivals have been reported, 
not only after simple pneumonectomy but after lobectomy and wedge resection as well. 
This suggests that there must be various elements in survival apart from the magnitude of 
the operation. Neverthole.ss, in 1949, I wondered if there would be any improvement in 
chances of cure if the mediastinal l^-niph nodes were added to pulmonary resection as part 
of radical lobectomy or radical pneumonectomy. 

At the 1951 meeting of this Association, as a group, we presented the rationale and 
step-by-step technique of our version of a radical pneumonectomy. This block dissection 
nas based upon principles of cancer surgerj- elsewhere within the body. It seemed particularly 
applicable to lung cancer, for patliologists had been unanimous in describing mediastinal 
Lunph nodes as being the most frequent sites of metastasis, regardless of size, positionj 
and histologic type of the primary- tumor. 

At Memorial Center, we have performed 150 radical pneumonectomies and over half 
of these were done bj' residents as their first pneumonectomy. It is too soon to evaluate 
the procedure thoroughly, particularly in the light of variables that surround the behavior 
of lung cancer. After all, radical mastectomy is still controversial after 60 years! But 
we have been puzzled l)y certain attitudes about tlie mediastinal nodes at the time of 
thoracotomy, for e.vample, do some surgeons still rely upon palpation as the sole 

method of detecting the presence or absence of metastases? A\liy do others select a mediastinal 
IjTuph node for frozen section and, if this proves to be positive, assume all is hopeless; or 
if it proves to be negative, consider further lymphatic dissection needless? They would cer¬ 
tainly not apply these principles to an abdominoperineal resection or radical mastectomy, 
for example. 

Now it is said that venous invasion may be more significant in prognosis than Ijnnph 
node involvement, but this may be said also to be true of other sites of cancer, and yet no 
lesser procedure is performed. In any event, unless grossly evident, venous invasion can 
only be found in the postoperative specimen and, as such, it cannot in any way influence 
the type of procedure performed; wliereas Ijinph nodes may be excised or left behind. 
In addition, we have seen survivors of 5 or more years who have shown blood vessel invasion 
in the excised specimens, but we know of no such survivor where proved positive mediastinal 
Ijunpli nodes were allowed to remain. Eemember, positive ljunph nodes left in situ are not 
dormant; they can serve not only as sources of invasion, but are capable of giving rise to 
second generation—or daughter—metastases as well. 

The crux of the problem is to determine whether tlxere are significant numbers of 
long-term survivors in those who have positive mediastinal lyunph nodes removed, lymph nodes 
that would be left behind if a less extensive dissection had been performed. There are 
several patients in this category now and they will be reported later. 

AVe cannot solve this by rhetoric; we cannot insist, or say vuth conviction, that the 
inclusion of lymph nodes is a worth-while addition to a lobectomy or a pneumonectomy, 
but by the same token no one can say we arc wrong. 

DE. JULIAN JOHNSON, Pliiladelphia, Pa.—The question was asked about blood 
vessel invasion in adenocarcinoma. It was 81 per cent in our series. It was 100 per cent in 
the undifferentiated tumors. The question was asked regarding a definition of operative 
mortality. If tlie patient died witliin 1 month of his last operative procedure, it was 
reported as an ojxerative death. 

I would like to point out that we quoted AVatson’s work so extensively simply because 
his were the best results we could find for radical pneumonectomy. I hope it is clear that 
it is not our desire to talk any group out of the use of radical pneumonectomy in ti.e 
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treatment of cancer of tlie lung. We only amsIi to show that the thoiacic surgeon need 
not feel obligated to perform a radical pneumonectomy as opposed to tlie standard le^jcction 
for cancer of the lung, as judged by the 5year sur\nal d.ita at present a\arlable 

DR ALTON OCHSNER, Ncu Orleans, La —I am c'ttremcly happy to speak this 
morning for tuo reasons First, because this session is dedicated to the memory of 
Evarts Graham I was fortunate in being a senior student at Washington Unnersity when 
Erarts came to Washington as the neu Professor of Surgery Evarts and I became very 
close friends and he used to chide me a lot because I thought there was a very definite 
causal relationship between smoking and cancer of the lung It was not until a number 
of years later that he became convinced that there was a relationship, and in his typically 
lionest way lie wrote to me and said, “I am going to Ime to cat crow. I think you are right. 

This morning I would like to discuss some of the factors winch might influence 
prognosis in bronchogenic cancer (slide) Unfortunately, our results are not as good as 
those whieli have been reported We have had 47 oyear survavals, and I would like to call 
attention to the fact that sex apparently plays a role As you can see, 268 patients wlio 
were opeiated upon 5 years previously did not survive; the male female ratio was 8 2, 
whereas in the 5year survivors tlie male female ratio was 4 8. So that, although carcinoma 
of the lung is relatively' infrequent ni women, when it does occur iii women it offers a 
better prognosis 

Alao, age in our senes was of piognostic importance. Of the 5 year survivors, 38 
per cent wore less than 50 years of age, 61 or 02 per cent were between 50 and 70, and 
there were no 5year survivors beyond the age of 70 In contrast, m the overall group 
only 21 per cent were less than 50, OS per cent between 50 and 70, and 10 5 per cent 
beyond 70. 

The type of lesion, as someone mentioned, is a factor Wlieroas 48 8 per cent of those 
not surviving had epidermoid carcinomas, C8 per cent of those who did survive for 5 
years had epidermoid carcinomas, and the piognosis is worse in the adenocarcinoma group, 
only 8 per cent of all our 5 year survivors had adenocarcinomas 

(slide) It IS a well known fact that lesions of tlic lower lobe offer a worse prognosis 
and that they tend to metastasize Until recently, these metastases were thought to bo 
blood borne, particularly' those of the suprarenal. Dr. Kennctli Jleyer, one of my associates, 
working in the Laboratory of Anatomy' at Tulane, has shown that there are definite lymphatic 
connections between the lovvei lobes of both lungs and the lymphatics below the diaphragm, 
to the suprarenal gland. Tins shows it m the right lung, this shows zt in the left lung 

So there is a definite lyonphatic connection between the lower lobes and the lymph nodes 
of the abdomen. We have had a total of 1,453 ca^os, of wlucli 44 per cent were inoperable 
There were 818 considered operable We cannot talk tliose people into being operated 
upon as well as they can at Barnes Hospital, as you see 7 per cent of our patients refused 
surgery. There were 759 patients explored, which is 52 per cent of the entire group 
There were 282, or 37 per cent of those explored, who were found to be nonrcfeettable, 
with a 20 per cent mortality rate That 20 per cent mortality does not represent the 
exploration but it represents the extent of the disease Tlicro were 477 icspcted, which 
IS a little less than one tlurd, with again a 20 per cent mortality rate In all the survival 
studies, the liospital deaths are lucludtd. 

The resectability' incidence has distic'^sed me a great dial You can see tint from 
1914 to 1956 there has been tremendous varmtion in roMctability intidonec'^ In 1944 wc 
had our low resectability incidence of 18 8 per cent It then iiHie.i-^ed, as one would ixpcct, 
because with the information that cancer of the lung was a coinTiion (li«ea‘'e and should 
be diagno*'ed more frequently, in 1948 we had an all time liigh of 47 per cent. Then there 
Was an almost progressive downhill trend in resnctabibty ineidfiue until 1953 when we 
reached almost an all time low This, I am sure, reflects the fact that about 12 years ago^ 
there was a great deal in oui literature about viral pneumomtis, p- ’ tins 
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called atj'pical pneumonitis. But, unfortunately, the medical profession has come to think 
of atypical pneumonitis as being synonymous with A'iral pneumonitis, and I am sure that 
the decrease in the incidence of resectability is due to the fact that tlieso patients were 
treated for months with a diagnosis of viral pneumonitis when in reality they had a 
bronchogenic cancer. 

As I mentioned, age plays a role in all of our survivals; 38 per cent were under age 
50, and 62 per cent were between 50 and 70. 

Nodal involvement was also a factor. Tiiese are clinical laboratory investigations. 
"iVhere there is evidence of extension beyond the lung at the time of operation, the surgeon 
designated it as a palliative procedure. I would like to call attention to the fact that 
in our series, 42.5 per cent had extension beyond the lung at the time of operation. So 
that, although these represented extensive disease that extended beyond the lung, this 42 
per cent did survive 5 years. 

Of the total series, 80 per cent had nodal involvement, 38 per cent had pleural in¬ 
volvement, and 6 per cent had distant involvement. I do not want you to get the impression 
that we operate upon people who have evidence of distant involvement; we do not. These 
were people in whom we felt there was no evidence of distant involvement, but who died, 
and autopsy showed that they did have distant involvement. Of the 5-year survivals, 34 
per cent had nodal involvement, and 8.5 per cent had extension elsewhere to the pleura or 
to the chest wall. 

Of our cases, 34 per cent of the survivors had nodal involvement and 66 per cent no nodal 
involvement. 

(slide) This is the recapitulation of what I have given you. In those in which the 
lesion was limited apparently at the time of operation, 32 per cent are alive after 5 years; 
of all the resections, 15 per cent, and in those in whom tliere was extension beyond the lung 
of some type, 9 per cent. One must consider this in the light of tlie mortality rate in the 
general population; at this age only 85 per cent of these people in the general population 
are alive after 5 years. I feel that, after a period of 3 years, the decrease in the survival 
rate is almost entirely due to other causes rather than carcinoma of the lung. So I think 
one can say, as Dr. DeBakey and I called attention to a number of years ago when we made 
our first survival report—about 10 years ago, if a patient is alive and well at the end of 
3 years, following extirpation therapy for bronchogenic cancer, his chance of living without 
evidence of disease is good. We have had 2 patients who have developed carcinoma in 
the opposite lung after their 5-year survival. These are the only 2 patients who did not 
discontinue sriroking. 
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I I IS an Jionor foi me to piesent tins papei on tins pait of the piogiain 
designed to commemorate Di Emits Graham Theie is no otliei 
place moie appropiiate to hoiiot Er Gialiam than at this meeting It 
IS 0111 ploasuie to think of Jiim todaj and it is eas\ to imagine him sit 
ting heie in the fiist imi of seats listening intentlj to eveij thing that 
IS said, Mith the speakei ivatching him to sec hoM he is leactiiig 

Although ho IS not lieic, he will luc with us foi many yeais he 
oause he cieatod so inaiij memoiics that liaie enduring lalue He 
had a positn e djnamie mind a lestless eiiiiosiU, n strong bodi nliieli 
enabled him to noik and, in addition, he had the coinage and the 
poMcr to speak out foi those things in nhich he htlioied—these iieie 
some of the qualities that made him the gient suigeon that he was 
His oontiibutions aie of such \aluc that he Mill hie long in the 
annals of medical histoiy 

IMBODPCTION 

The liistoij of coionarj henit disease, the Moild s gieatest kiUei, maj 
be diMded into thiee peiiods identified as follovs (1) bj the oouect location 
of the disease, (2) by the electiocaidiogiain, and (3) bj the lecogmtion of 
the axiom foi tieatment The foiuth pciiod of qiiostionnble lealization, is 
that of pieiention and letaidatioii of the disease 

CORRECT LOCATION OF THE DISCSSt 

This Mas accomplished in the 1012 lOlS peiiod’ Mhen the seat of the disease 
Mas moied from the stomach to the hcait This Mas done not Mithnut opposi 
tion fiom the medical piofession Ej piescnt daj standaids this should not 
haee lequiied deep thinking In that pciiod tlieie MCie gieat inteniists and 
pathologists, and neeiopsi examinations Meie not uncommon But then, as 
noM', the medical piofession kncM so much that Mas not so It was of ele 
mental importance to find the collect location of the disease but this did not 
change tieatment “Theiapj had not piogicssed iiiiieh bejond that used dm 
iiig pieiioiis centimes, consisting almost excliisnelj of lest and sedation 
To this has been added the use of antieOTguIaiits Tlieio exists a stiangc com 
placenej toMard this disease Thcic is no lelifionship lietMecn treatment and 

This ^^orl< -was ^supported bj grmts from the Lin!tcd States Public Health Service and 
tlic Cle\ eland \rea Heart Societ' 

Read at tlie Thirty-cifihth \nnunl Meetint, of Tlie American Vssociatlon for Thoracic 
Surgery at Boston Ma«;«i SIn> 16 18 19oS 

•Professor of Cardlokn^cular •'Ur^erj esltrn Re«fr\e Lnhersitj Cle\c 
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doatli. There is no responsibility for deatli. This futility lias paralyzed the 
thinking and has created the belief that to do nothing move tlian the old rou¬ 
tines is to make no mistake. Nowhere in medicine is there such intellectual 
emptiness as exists in the understanding and treatment of this disease. 

THE ELECTROCARDIOGRAjM 

Hie electrocardiogram has disguised this vacuum and has given resiieeta- 
bility to the knowledge of the subject. The electrocardiogram has risen to 
great heights in the erudition of this disease whereas blood supply to ischemic 
muscle is dwarfed into nothingness. This false relationship in values enabled 
the electrocardiogram to dominate the picture of the disease. It has even 
enabled it to pass as therapy. Many a iiatient believes it helps him because his 
physician takes so many of them. He knows they are expensive. Little does 
he knoAv that they were not designed for treatment. Someone .should speak 
out against unnecessary usage of the electrocardiogram and place it in its 
proper relationship to the augmentation of blood supply to ischemic muscle. 
Is this not an obligation of the medical cardiologist? 

AXIOM OF THE DISEASE^ 

After a coronary artery is stenosed or occluded, the fate of the patient 
depends upon the amount of blood in the ischemic muscle foi’inerly supplied 
by this diseased artery. Addition of blood preserves life; subtraction of blood 
destroys life. This is the elementary starting iioint for effective treatment 
and it has been almost entirely disregarded. It may be assumed that several 
of the medicaments, because they temporarily relieve pain, do temporarily 
provide blood to ischemic muscle. However, there has been little or no proof 
of this until recently when trinitroglycerine was tested in the author’s re¬ 
search laboratory. Furthermore, there is no evidence to indicate that any 
of the medicaments change the anatomy of the crippled coronary circulation 
or that they make intercoronary communications. For long-term protection, 
therefore, medical therapy fails to develop collaterals Avhich are the require¬ 
ments of protection when either stenosis or occlusion of an artery develops. 

PREVENTION AND RETARDATION 

The contemplation of the period when arterial disease in the heart can 
be prevented or retarded jiroduces an aura of greatness. If it can be pi c- 
vented in the heart no doubt the same biologic principles Avill prevent it in 
the brain, extremities, and elsewhere in the body. Next to food, shelter, and 
the absence of war there is probably nothing more important. On a practical 
and realistic basis, however, prevention should not be confused with treat¬ 
ment. Between these two there is no relationship. The expectation of good 
things to come also contains the possibilities of slow progi ess oi even failyu e. 
Expectation is no solace for the status quo in treatment. Society has a right 
to demand that methods for effective treatment be investigated now. Society 
has not been informed of the ineffectiveness of long-term medical therapy. 
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CONTBIDUTIONS PBOAI THE HBORVTOni' 

These ate based upon appioximately C,000 expeiimental opeiations on 
dogs in the past 2') ^eaIS The motiiation of these expeiiments was to im 
pioie the enppled coionaiy enculation While this was a guide in this uoik, 
physiologic concepts ueie also biought into being ivhich e\plain the benefit 
pioduoed 1)3' the e\peiinients Also the facts fiom the laboiatoi 3 shed light 
on some of the cluneal aspects of the disease Pot esample, the thiee death 
factois of the disease weie gi\en definition and the i equii ements foi tieat 
nieiit of each death factoi iieie biought iiiidei scientific sciutiny The le 
leisible natiiie of one of these death factois «as defined and ieieisibilit 3 fiom 
death to life iias accomplished in scieial human beings who had died fiom 
the disease 

Some of mil expeiimental woik has little oi no application to tieatinent 
at the piesent time and this pait of the ivoik is omitted fiom this presenta 
tion This includes the uoik on ictiogiadc flou b\ placing a giaft betueeii 
aoita and eoionai 3 sinus Tins appioach protects the heait moie than any 
otliei pioceduie that ive de\ eloped, but it has ccitaiii side effects ■Hhioli aic 
unfaioiable and the opeiatioii of placing this giaft ls a difficult technical pio 
ceduie Iinpoitant plnsiologs' uas established b} this uoik cion though it 
mat not ha\e application to tieatment of this disease at the piesent time 
The Moik oil the diiect manipulation of the coionai} aiteiios tlienisehes such 
a" oleaning them out oi placing shunts oi giafts in them is also omitted as 
impiaetieal at the piesent time These eontiibutions fiom the laboiatoi^ are 
lofcned to biiefl 3 

2 Blood supplj to ischemic muscle is the n\iom foi tieatment When a 
ligatuie IS placed aiouiid the oiigin of the descending ramus of the left 
cnionai 3 ' aifeiy, 5 c e of blood pei minute dclneied to this occluded aiteii 
will piesene the heal the it lu the dog Additional lilood gnes additioinl 
piotcetion Reduction has the opposite cflcct This amount of blood docs 
not snppoit eoiitraelilit 3 of muscle noi docs it pieieiit infarction hut in a 
laige senes of dogs it pieseiics the heaitbeat As staled ahoio this axiom is 
nothing less than the clenientaiy staitnig point foi ctfectne theiap 3 

2 The elcctiical condition of the htait ill lelatioii to its oxigenatcd 
blood suppl 3 uas iniestigated and font facts iveie established In these c\ 
penments the hoait uas exposed and electiogiains Mere taken fiom its suifact 
l)y sueeimig a cotton eleetiode iiioisteneil in sodium chlonde solution acioss 
the leiitiicles The following facts ucic established ° 

n A iimfoimh ivell oxsgenafed heait is electiiealh stable The pat 
tein of the cleetiogiam is the same fiom am pait of the loiituelcs 
1) A uniformh and deeph < aanosed he lit is elcetiicalh stable C 3 anosis 
IS piodnced b\ clamping the iiitiatiachcal tube in the anestheti/ed dog 
The pattern of the electiogiain is the same as in “a ” The c3anosed 
heait does not filnillato ft stops in staiielstill A lilnc hahi has a stable 
heait The facts lefciiod to in ‘ a” and “h” indicate that elce* -'I 
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stability of tbe heart is independent of the amount of oxj^genated blood 
delivered to it. Electrical stability is based upon a uniform distribution 
of the heart’s own blood regardless of the amount of oxj^gen in this blood. 
In other words, stability is not related to oxygen content of muscle. 

c. Ligation of a coronary artery produces an area of cyanosis in the 
muscle formerly supplied by this occluded arteiy. A blue or cjmnosed 
island of muscle is produced in a pink or well-oxygenated heart. The 
S-T segment of the electrogram is elevated over the well-oxygenated 
muscle. It is depressed over the eyanosed muscle. This heart is elec¬ 
trically unstable and may hbrillate. 

d. A coronary arteiy such as the descending ramus of the left coronary 
artery is cannulated. Into this artery, well-oxygenated blood is perfused. 
The intratracheal tulie is clamped and the heart becomes eyanosed except 
the area supplied by perfused blood. This produces a pink, well-oxy¬ 
genated area in a blue eyanosed heart. The electrogram is the same as 
in "e.” The S-T segment is elevated over the av ell-oxygenated muscle 
and depressed over the eyanosed muscle. This heart is electrically un¬ 
stable and may fibrillate. A baby with one coronary artery coming off 
the aorta and the other from the pulmonaiy artery has anginal pain and 
an unstable heart which may fibrillate. Tavo conclusions are established 
by experiments referred to in “c” and “d.” One is that an uneAmn or 
checkerboard distribution of oxygenated blood produces electrical in- 
stabillity, fibrillation, and death, and these sequelae are produced by 
ligation of a eoronarj’- artery in a AA’-ell-oxygenated heart or by deliA^eiy of 
Avoll-oxygenated blood into a eyanosed heart. The heart electrocutes 
itself. The other eonclusioJi concerns a long-standing physiologic con¬ 
cept that occlusion of an artery produces “current of injury.’’ The 
placement of pink and blue muscle in juxtaposition does not require in- 
.jury of muscle. The correct term for this is “electrical instability due 
to oxygen-differentials.’’ Reduction in the degree of oxygen differential 
makes the heart electrically more stable. Increase in the degree of dif¬ 
ferential lAAakes the heart electrically more unstable. Curi-ent of injury 
is an incorrect term and expresses an incorrect ph 3 'siologie concept. 

3. ‘When a coronary arterj' is occluded tAvo distinct and different bio¬ 
logic phenomena occur. One is electrical instability. The other is death of 
muscle (Fig. 1). One maj" occur Avithout the other. Both may occur to¬ 
gether. Thus, the heart can electrocute itself Avithout iiAfarct. Infarct, even 
succcssIa^c infarcts, maA^ dev^’clop Avithout an electrical condition strong enough 
to fibrillate the heart. This separation is essential in order to understand the 
phj'siologA'’ of the disease and its clinical nianifestatioiis. 

4. There are tAvo approaches to effectiAm treatment. Both of these con¬ 
form to the axiom in Item 1. 

a. Distribution of the heart’s OAvn blood so that a red cell, after it gets 
bj’' the stenosis in the arteries, can go aiiAnAdiere Avithin the substance of 
the heart Avhere it can do the greatest amount of good. 
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h Addition of blood fiom outside souiccs, fiom giafts on the lieait, bj 
letiograde flow tliiough terns, oi by cleaning out the diseased aittiies 
themsehes oi bj othei iiiauipidatious on these aiteiies On the basis of 
considerable expeiiinentation, the statement can be made that the henit 
insists the cntiance of outside blood It is not impossible to denionstiate 
arteiics betneeri giaft and lieait laige enough to carry blood but then 
ocemience in e\peiiments is mfieqiicnt Peihaps bettei methods can be 
det eloped Dneot inanipulation of the coionaiy arteiies in inj e\peii 
ence has not been successful 



, , sequeHe of occlu*!lon or stenosis— (1) muscle dnmaae mil (-) cloetrtcnl 

instabilltj These responses are indepentlent of each other \iabilltj of mu'sclc is leHttl to 
amount of blood supply the electrical condition Is related to distribution of bloo I There Is 
no conflict Mlth the science ^^hen death occurs -without Infarct (as on the golf course) or 
In the presence of ivh'it the clinician refers to ts i mild occlusion The term mild Is 
scarcelj correct when it Is associated with death an I probablj should not be ii cl 


5 'Ihe amount of blood necessuy to itduce the sequelae xindti Item 3 
IS 111 the lange of seicial cubic centiinetcis pei minute In the human hc.iit, 
as m the dog heait, tlieie is alnajs sonic blood in the ischemic muscle bejond 
the occlusion The amount is niiable and iiieasnies scieial cubic ceiitimcteis 
pel niinutc Quantities in the langc of 2, 4, oi flee pel mimite added to that 
nhich IS all Cady piesent lecliiee the sequelae of ocelnsion If this fact fiom 
the lahoiatoij ivcic piopeilj appiecntcd, the opposition to the snigical ap 
pioach in tieatinent ivould be i educed Only the scientist in the laboialon 
appieuates the aahio of seieial cubic centimeteis of o\agenilcd blood pei 
minute deliieied to ischemic miiselc This lack of nndeistanding is, indeed, 
an unfoitnnate condition as it is fimdamcntnlh i elated to elTeetnc ticatnicnt 
of this disease 
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6. Quantities of blood witliin this range are made available by the pro- 
ductmii of mtercoronaiy ai-lerial anastomoses and these can be produced by 
surgical operation. Several procedures contribute to their development The 
author’s operation consists of abrasion of the lining of the parietal peri¬ 
cardium and surface of the heart, narrowing of the coronary sinus to a 
diameter of 3 nim., a light application of 5 per cent aqueous solution of 
tnchloracetie acid to the surface of the heart between coronary arteries, 
light application of powdered asbe.stos to the surface of the heart, and the 
application of parietal pericardium and mediastinal fat as a graft to the 
surface of the heart. Narrowing of the sinus and abrasion of the epieardium 
are omitted if the heart is irritable at operation. 



Pig. 2.—Sketch of Hahn-Beck ]ieart. The arteyv in black is the circumHex ranws of 
the left coronary artery. It is the only coronary artery that carries in blood and this blood 
goes througrh an opening: of 1 min. in diameter. The descending artery and the riglit artery 
are occluded. Tiiese are stippled and they receive blood from the circumflex by way of inter¬ 
coronaries indicated by tlie arrows. Once a red blood cell gets by the stenosis it can go any¬ 
where in the substance of the lieart where it is needed most. 

T. Operation under Item 6 makes it possible to utilize the heart’s own 
blood in the most effective way. It may not add new blood to the heart from 
outside soiu’ces but it does make more blood available to ischemic muscle from 
contiguous areas of muscle possessing a good blood supply. The average 
amount that it adds to ischemic circumflex muscle is 4.7 c.e. per minute or 
282 c.e. per hour. The average amount that is already in the circumflex area 
of muscle after the artery is ligated in normal dogs is 3.8 c.e. per minute. 
After operation the average amount is 8.5 e.c. per minute. The aieiage 
iiiflow'^ into this artery in normal dogs is about 34 c.c. per minute. The 
amount available after operation and subsequent oeelnsion, therefore, is 
approximately 25 per cent of the normal inflow. It is raised by operation 
from 11 per cent of the normal inflow' to 25 per cent of the normal inflow'. 
This is significant protection. 

8. The normal coronary arteries are capable of delivering much larger 
quantities of blood than the amount that flow's through the eapillaij bed. As 
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stenosis of the colon uj aiteiies tlcielops, the fiist conflict with iioimal 
phvsiologj IS piodttced In an nneicn distiibiition of the blood that enteis 
these diseased aiteiies Distiilnitioii leisus amoniit iinohes a fiinddinental 
concept in phjsiologv In the dog, all coioiiai^ infloiv except that ivhicli 
goes thioiigh an opening of 1 iiim in diainetei in one aiteij is enough to 
snppoit the heaitheat and pioiidc iioinial actniti (Ilahii Beck dogs)’’ (Pigs 
2 and 3) In the hniuaii being, an opening of 1 5 mni m diametei can sup 
poit the heaitheat This blood imist be ciciih distiilnited in oidei to slip 
poit the heaitheat If it is not eienlj distiibutcd, the lieait electiocntes itself 
As the stenosmg pioccss becomes inoie scieie, the second conflict nith the 
physiology appeals nheii tlieie is not enough blood in the substance of the 
lieait to siippoit the heartbeat 



Tiff 3—Rlgi 1 tube systems ^^{th stenosis These flo%\s ire sufficient to maintain life 
The (loff hds I flow of about 100 cc per minute through tlie c iplllarj bed and the flow in 
tlie human being Is about -50 ce per minute 

O The opeiatioii niidei Item C lias been nell tested bj tlie Maiiti' Giegg 
hackfloiv ineasniements,® bj nioitalitj after test aitciy occlusion, Ip nifnict 
size in dogs that lecoiei fiom test aitcix ligation, and hi eleetiotaidio 
giaphic eiideiice The aieiage bacKflou is incieascd -1 7 c c pei minute oi 
282 cc pel horn The inoitality late is ieduced ivhen a majoi aiteij' is oc 
eluded Poi the descending laimis of the left coionaij aiteij at its ongin 
the leduction is fiom 70 pei cent foi iioimal dogs to 26 G pei cent foi dogs 
in 11 Inch the heait ivas pieiioiislj piotected hi opoiatioii The size of the 
infniet is leduced bj GO to 70 pei cent The ckctiocaidiogiain slums fciiii 
and less seieie altciations aftei ailcii occlusion in the piotccted dogs A 
laige aiiiount of eiideiice indicating piotcction has been established 

10 Theie is still aiiothei fact coiiccining the lalue of seicial eiihic 
ceiifimeteis of blood to isclicmie inusele A ciitie.il peiiod exists iihen an 
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arteiy becomes occluded. If the heartbeat is maintained after occlusion for 
seveial days or for 1 or 2 weeks then inlereoronary channels develop. It can 
>e stated that they ahvays develop after occlusion and they are of good size.” 
The blood made available to ischemic muscle by operation helps to maintain 
the heartbeat over the critical period so that nature has time to provide addi¬ 
tional intercoronaries. This may be considered as an extra protection so 
to speak, from the operation. 


Electrical 
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Fig. i -—Three death factors in coronary heart disease—Cl) self electrocution of the 
heart, (2) terniinal stage in reduction of arterial inflow, and (3) terminal stage in destruc¬ 
tion of muscle. Kequirements for treatment of each factor can be determined. 

THE INFLUEN'CE OF THE LABORATORY UPON CLINICAL CONCEPTS 

The facts established in the laboratory are not only applicable to the 
treatment of the disease in the human being but they give some degree of 
order to the clinical understanding of the disease. Of fundamental importance 
are the three death factors in coronary heart disease (Fig. 4) and the combi¬ 
nation of these factors as found in necropsy examinations (Pig. 5). 

11. One factor of the disease that kills is by self electrocution of the 
heart. The majority of the deaths are due to this factor. It kills under a 
variety of conditions, on the golf course, when shoveling snow, when watch¬ 
ing an exciting contest, during physical exertion, at rest, etc. In many in¬ 
stances the heart is too good to die. Sometimes this death factor is reversible 
and life can be restored.^® The author actually aceompli-shed this in 2 hu¬ 
man beings ivho died from the disease and who are living several years later. 
If the pi’ofession were pi'epared, no doubt, restoration of life could be accom¬ 
plished outside the hospital and a large number of lives might be saved. 
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The term “mild occlusion” is a clinical syndrome often described by the 
cardiologist. AVhen a patient ivith a mild occlusion dies the terminology is 
wrong and a paradoxical situation is created. The term “mild occlusion” 
is used to refer to mu.sele damage without reference to the electrical con¬ 
dition that might assert it.self. There should be no mystery in this association. 
Perhaps the term “mild occlusion” should not be used. 




loadequa-te Inflow. .Stenosia. Elertrical Instailllty. 



C 


D 


Stenosia. Occlusion. Myocai-dlal Tailurc. Stenosis. Occlusion.Inf«rct.Eleelrlcal Instability. 



b’ic. 5—T.arioiis combinations of tlie.se factors are present in the heart. Inndcnunle 
inllo\\ rvithout infarct; B, soU electrocution without infarct: G, muscle failure: D, self 
electrocution ultli infarct. 


12. The incidence of self clectroention of the heart is reduced hy the 
presence of intcreoronary eommnnications. This is probalilj' the only death 
factor for which, at the prc.senl time, there c.xists effective surgical troatraeut. 

13. Another death factor is inadequate inflow to support tlie heartlicat. 
The muscle may or may not he .severely damaged. There is no elTective 
operation for this condition at the present time. Clinical recognition of ihis 
condition is not always possible. Loss of strength and inability Jo^get 

around may indicate severe inflow reduction. 
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14. The third death factor is loss of muscle. There isn’t enough muscle 
to propel the blood and failure dcA^elops. The heart is enlarged. The only 
tieatnient is that for failure. There is no operation for this. 

These 14 points convey the author’s point of view concerning coiunary 
heart disease. ^ By design these points concern physiology and effective treat¬ 
ment. The origin and development of these points were slanted toward ther¬ 
apy. They break away from the established medical ijoint of view as though 
a different disease is under considei'ation. 

In this new design, the axiom for treatment displaces the electrocardio¬ 
gram to a secondary position. The cleavage between the existing superstruc¬ 
ture of the disease and this new design is comparable to the break that 
occurred in the 1912-1918 period. This new design is of equal or greater 
importance to making the correct location of the disease because it concerns 
effective treatment and there is no substitute for augmentation of blood sup¬ 
ply to ischemic muscle. 

EXPERIENCES ON HUMAN BEINGS” 

The author’s operation or some modification of it was done on 347 pa¬ 
tients between Jan. 1, 1954, and Peb. 14, 1958. These Avere consecutive opera¬ 
tions done at University Hospitals and Mount Sinai Hospital, Cleveland. 
Total mortality during the period of hospitalization was 21 or 6 per cent and 
the total mortality after discharge from the hospital dining the period of 
someivhat more than 4 years was 32 or 9.2 per cent. Within this series were 
100 consecutive operations with zero operatm mortality, and in the subse¬ 
quent series of 100 cases, there were 4 patients who died, making the mor¬ 
tality 2 per cent for 200 consecutive eases. The classification of salvage ivas 
applied to patients in Avhom the anatomic disease in arteries and/or myocar¬ 
dium Avas approaching the terminal stages. The infloAV Avas approaching the 
critical stage when it Avould become inadequate for function and the destruc¬ 
tion of muscle Avas approaching the stage Avhen it AAmuld be inadequate to 
pump the blood. This classification of salvage eases Avas based upon an esti¬ 
mate made at the time of operation. In this group, there Avere 110 classified 
as salvage or 32 per cent; 234 Avere classified as nonsalvage or 67 per cent; 
and 3 were not classified. According to this classification, one third of the 
patients operated upon AA'^ere approaching the terminal stages of the disease 
AA'^hen mortality could be expected to occur in the not too distant future. 

Many patients are not referred for operation until the disease approaches 
the terminal stages Avhen the patient is told that medical therapy has nothing 
more to offer. In the 110 salvage cases, the total mortality during the 4-year 
period was 26 per cent—hospital mortality 12 or 11 per cent, subsequent mor¬ 
tality 16 or 15 per cent. In the 234 nonsalAmge cases, the total mortality din¬ 
ing the 4-year period Avas 10 per cent—hospital mortality 8 or 3 per cent, 
subsequent mortality 16 or 7 per cent. In the nonsalAmge eases, the risk of 
operation is loAV, and the life span probably is excellent. In patients Avith 
coronary heart disease, this appears to be a good record and emphasizes the 



\ olume 36 
\um} er 3 


CORONARY HEART DISEASE AFTER 25 'iEARS 


339 


desuabihty of eaily opeiation The death faetoi in the eailj stages of the 
disease is the unstable elcetiical condition of the heait and opeiation has 
pioied its laliie against this faetoi The scientist accepts this as a statement 
of fact 

The heait iias e\aiuined at opeiation accoiding to a formula learned bj 
e\peiienee The size of the heait uas noted An eiilaiged left lentiielc 
indicated mjoeaidial damage A lolbng oi locking motion indicated that 
the muscle was not coiitiacting in a unifoim inaiinei due to the piesenee of 
seal Localized leduction oi absence of pulsation indicated localized mjo 
caidial damage Some of the scats did not come to the suiface and could 
not be obsetied The anteiioi and posteiioi aspects of the heait iveie oh 
seiied In some instances, the heart iias iriitahle and could not be tipped 
up to examine the posteiioi siiifaec The aiteiies ueie examined The com 
mon left aiteiy was palpated The encumflex aiteij and the light coionao 
aiteij cannot be obseiied ot palpated A soft jnilsatiug common left aiteij 
indicated noimal inflow 'When this arteiy is soft and pulsating, the piob 
lem ui thci apj is not addition of blood to the heai t, but disti ibiition of ii hat 
IS tlieie A seieiely thickened oi calcified common left arteiv indieates in 
adequate inflow The ptoblem then becomes one of addition of lilood to the 
heait and this cannot be acooniplished by suigioal opeiation The aiteij 
must be soieiely stenosod before inflow leaches teiniinal leduetion Beading 
and stieaking with athoioma is obsened in the descending lamus, its bi anclics 
and 111 the biaiiclies of the oiieumflex aitery Pulsation is obsetied to be 
noinial, ledueed, oi absent Iiiitability of the heait is noted It sometimes 
oeeiiis when the heait is manipulated but it was observed in 1 ease when onli 
the peiicaiduim was picked up in a heniostat piioi to opening it The heait 
almost flbiillated when the poiieaidium was gently giasped in a Inniostat 
Indeed, giasping onh the peneaidial fat in a foiceps almost filnillated the 
heait Maiked iiiitabilitj is a dangei signal, and is consideied an inditation 
foi a modified pioeeditie such as the application of 5 pei cent fieshlj diluted 
aqueous solution of triehloiacetic aud to the surface of the heait between 
coionaij aiteiies, and a light application of powdeied asbestos to the suif.iee 
of the heait Jlaiked iiiitabilitj indicates scicie inflow ieduction It is not 
necessaiilj associated wnth seieie muscle damage Indeed the hcait with 
extensile mjoeaidial iiifaiets is oftin stable, piobabh due to the piesentc 
of inteicoionaiies which deieloped iftci aiteinl occlusion 

Examination of the heait at opeiation does not leieal all of the ana 
tonne disease that aetiiallj exists in aiteiies and muscle Some of these 
iiianifestations aie found oiilj at neciopsi examination 'The beating heait, 
howeiei, giies some infoimation not obtained bj neciopsi examination The 
localized absence of pulsation and the outwaid bulge of an ancuiism aie 
detected when the heait is beating Any outwaul bulge at the heait, eien 
though slight, was classified as an aneuijsm ^Viialisis made at tin tinii of 
opeiation is as follows Size of the left icntiielc, noimal 22roi fi-1 pei cent, 
eiiHigod, 12G oi 30 pei cent, nneiiijsm, 37 oi 11 pei ecu* i'V 
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0 * 00 ^*^^ cent, no Aisible infarct, 9< or 28 per cent; arterial disease ob¬ 
served, 3o2 or 96 per cent; not observed 14 or 4 per cent; common left artery 

palpated, soft, and pulsatile, 261 or 76 per cent; thickened or calcified 81 or 
24 per cent. ’ 


According to this analysis, the hearts operated upon showed positive and 
usually severe manifestations of coronary heart disease. When a patient 
died and the heart was examined, the disease always was more severe than 
anticipated by the examination at the time of operation. When the heart 
stopped beating, complete recovery was possible in only 1 patient. This heart 
fibiillated 4 hours after operation and continued to filirillate during a period 
of 35 minutes Avhile the heart was being pumped by hand. This patient is 
alive more than 1 year after operation. In the other patients who died dur¬ 
ing operation, it was sometimes possible to restore the beat for jieriods of 
minutes or sevei-al hours, but always the heart went back into fibrillation. 
In some of these patients, the chest was opened, the heartbeat ^vas restored, 
the chest was closed, the heart again fibrillated, the chest was opened, the 
beat was re.stored, and so on. One patient between these temporary deaths 
stated that she did not like the electric .shocks, that she thought the.v were 
only for psychiatric patients. We worked on some of these patients as long 
as 16 hours and opened and closed the chest as many as four times. During 
these hours, the patients made conscious responses and understood what was 
.stated. In several of these patients, an attenijit was made to scrape out 
atherraomatous deposits in the descending artery. This was never suece.ssful. 
In my opinion, this procedure has little to offer in treatment of this disease. 
When the common left artery is .soft and pulsatile, the as.sumption is made 
that the inflow of blood into the heart is adequate and the problem in treat¬ 
ment is distribution of this blood rather than addition from other sources. 
The author’s operation is designed to distribute this blood. Three out of 4 
patients had a soft pulsatile common left artery and this was interpreted to 
mean a more favorable operative result. 

A low operative mortality is necessary in order to make the operation 
acceptable. Coronary heart disease in any stage of its development kills as 
does no other disease. Death occurs with or without operation, l)ut when 
associated with operation, then the latter as.sumes a causal relationship. In 
order to have a low operative mortality, it is necessary to be selective with 
patients for operation. Cardiac failure and marked enlargement of the heart 
are contraindications. Severe inflow disease is another contraindication. 
This occurs udth or without muscle damage. Clinical recognition of this con¬ 
dition is often not pos.sible, especially if the heart is of normal size, and there 
is little or no evidence of infarcts. Status anginosus and incapacitating pain 
may indicate severe inflow reduction, but some of the best clinical results 
were obtained in patients with incapacitating pain who tolerated operation 
satisfactorilj'. Recent activity of the disease, as indicated by a recent infarct 
or by an unusually severe attack of pain, is an indication to delay opeiation 
for several months, and 5 out of 8 patients in whom this was done, died dui- 
ing the waiting period. 
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In the past 2 jeais, the pohej was established to withhold opeiation on 
patients whose blood piessuie iindei anesthesia fell to 90 mm Ilg and did 
not spontaneously use again w'lthout the use of dings This occuued in 14 
patients in whom opeiation was not done and 3 of these died sometime latei 
Opeiation was lefused to 15 patients because of scieie disease deteimined 
aftei studj in the hospital and 4 of these died subsequentl 3 Theie is some 
dangei in operating on anj’ patient with coionaij Iieait disease, but tlieie is 
a gioup of patients in whom it can be stated befoie opeiation that the iisk 
IS slight In the gioup with seieic disease, but acceptable foi opeiation, it is 
sometimes not possible to leeognwe those with iiiaiked inflow ieduction A 
“bad case” ehmeall}'’ may be a “good case’’ at opeiation and Mce leisa 

CLINIC IL RESULTS 

A suucj of clinical lesults was eomiileted leceiith In this senes of 347 
patients theie nie 295 patients who aic still living Each of these patients 
was contacted bj office Msit, lij telephone, oi bj qiiestionnaiie The defl 
iiition of excellent was applied to those patients who wcie completelj oi al 
most completely fiee of pun and took no medication iiftei opeiation The 
definition of good was applied to those patients who weie impioied aftei 
opeiation but had an occasional pain and took significantlj less medicament 
The last majoiitj weio back to woik Of the entiie gioup of liMiig patients, 
278 (94 pel cent) leoeived an excellent (32 pei cent) oi a good (C2 pei cent) 
lesult In the gioup of 73 Iniiig sahage patients, the lesults woie almost as 
good as in the entile gioup, with 22 pei cent lecening an excellent result 
These figuies aio such that the aeeuiacj of the analjsis might be questioned 
They might appeal to be too good and, theicfoie, not aceeptiblc These le 
suits weie caiefully compiled It is possible foi the opeiation to pioduee a 
biologic response in eseiy patient in whom it is done and this in tiiin pio 
duces benefit in eieij' patient opeiated upon Anothei factoi foi eonsideia 
tion IS that death lemosed some of those patients in whom the disease was 
piogiessing and this gase some selcctmti to this gioiip Anothei faefoi, 
which IS piesent whethei the patient is tieated hr medical measuics oi In 
suigieal opeiation, is the mental oieilaj associated with this disease 'Jins 
factoi IS impoitant but it should not be oieiiated 'riieie piobiblj aie not 
many patients who, luning gone thioiigh the diseomfoit of opeiation, would 
peisist in sajing thej weie better oxei a period of months oi sens if thej 
w ere not bettei 

JIanj' patients state that the anginal pain disappcaied as caih as 2 dais 
aftei opeiation These patients complain of incisional pain but state that the 
“old pain” has disappcaied Tins can be explained on the basis of impiose 
ment in the eoionaij ciienlatioii bioiight about bv the inflammation on the 
siiifaee of the heart oceuiiing as carh as seieial daxs aftei o|)eiation The 
lesults in patients who had scxcie anginal pain befoie opeiation aie almost 
iinbeliex abl\ good It is almost neecssaix'' to talk to these natients apjne 
ciate the i esiilt -s* * ^ 
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^ There are several objective signs of impi’ovemeiit after operation. In 1 
patient, the radial pulse on the left disappeared after eoronaiy occlusion. 
This pulse was absent until operation was done 1 year later. On the second 
day aftei- operation it was discovered that the radial pulse was present. 
Many patieiits state that they are warmer after operation. A study of skin 
temperatures of the feet was carried out and it was shown that if the feet 
were cold before operation, they became Avarmer after operation. The aver¬ 
age rise i 2 i 11 patients Avas 7° C.^= This is an objective (not subjective) 
change folloAving operation. 

Several other objective changes occurred after operation. In II patients, 
the chief complaint before operation Avas irregulai-ity of the heartbeat due 
to ventricular premature beats or atrial premature beats. Several patients 
had episodes of sinus tachycardia.^® These conditions Avere alarming to the 
patient. They imprOAmd or disappeared after operation. Ballistocardiograms 
Avere carried out on manj’- of these patients. An abnormal ballistocardiogram 
Avas found in 10 out of 17 patients before operation. The ballistocardiogi-am 
in 8 of these 10 patients Avas improAmd after operation.’^ This Avas intei-preted 
as improvement in the contractility of the myocardium and is a good correla¬ 
tion Avith the clinical improvement. 


EFFECT OF GLYCERYL TRINITRATE (NITROGLYCERINE) ON BACKFLOAV 

Some of the drugs used in the treatment of coronary heart disease are 
being tested in the author’s research laboi'atory by Di’. Baidd S. Leighninger.'® 
The same tests that Avere applied to the author’s operation are being applied 
to these medicaments. So far, baekfioAv determinations of the effect of nitro¬ 
glycerine Avere done on 21 dogs. These tests Avere done as folloAvs. The 
circumflex artery is ligated near its oi-igin. The artery is transected distal 
to the ligature and a cannula is introduced into the artery. This cannula 
is connected to the carotid artery by a tube. Perfusion from this artery is 
stopped and the cannula is opened so that blood can escape from the distal 
circumflex artery. The mean aortic pressure is maintained at 100 mm. Hg. 
The blood that escapes is a measure of the amount of blood coming to the 
circumflex area of muscle by way of intercoronary arterial communications. 
The floAV is measured for 30 seconds and is expressed in drops or cubic centi¬ 
meters per minute. After a determination is made, the circumflex area of 
muscle is again perfused from the carotid artery. The baekfloAv is determined 
by tahing the aA’'erage of seA^eral determinations made at 5-minute inteiA'als. 
Nitroglycerine is then giAmn intraAwnousty and measurements are again made 
Avhile the drug is effective. The mean increase in backfloAv Avas 0.8 c.e. or 12 
drops per minute. The range in the experi.nents was 0.2 to 5.4 c.c. per minute. 
The duration of drug action Avas approximately 5 to 10 jninutes. 

These determinations ai'C a measure of the most effectiA'^e drug in the 
treatment of anginal pain. They are almost the only direct measurements 
of this drug-action on blood supply to ischemic muscle. It is indeed a strange 
eonuAientary that this information, after years of usage on patients, originated 
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fi'om a surgical laboratory by a sui’geon ivho has had experience with this 
test. AVithout this e.xperience, these positive measurements probably would 
have been missed or considered insignificant. The relief of pain is based upon 
12 drops of blood per minute to ischemic muscle. The author’s operation adds 
4.7 e.c. per minute or almost G times this amount. The effect of this drug 
lasts 5 to 10 minutes. Then the backflow returns to normal. The increased 
backflow following operation is not temporary. It is permanent. These 
measurements probably place the effectiveness of operation in a new light. 

CONCLUSIONS 

1. A new design for the physiologj' and treatment of coronary heart dis¬ 
ease has been created. This de.sign concerns blood-supply to ischemic muscle 
and not the electrocardiogram. 

2. Three death factors of eoronaiy hcai-t disease are defined. The re¬ 
quirements for treatment of each are given. One death factor is preventable. 
It is also reversible. 

3. The important concepts of the disease are as follows: 

a. The axiom. 

b. Tw’o approaches in treatment concern, (1) addition of blood to the 
heart, and (2) distribution of the blood that gets into the coronary 
arteries. 

0 . An uneven distribution of the heart’s own blood is responsible for 
most of deaths from the disease and not an inadequate total inflow. 

d. A uniformly oyanosed heai't is electrically stable. The amount of 
oxygenated blood delivered to the heart is not a factor in electrical 
stability. 

e. AA’'ell-oxygenated blood delivci'ed into one coronary artery of a ey- 
anosed heart can destroy the heartbeat. Red blood can kill the heart¬ 
beat under certain conditions. 

f. A eyanosed area of muscle (as produced liy arterial occlusion) in a 
well-oxygenated heart can destroy the heartbeat. 

g. An uneven distribution of blood produces death by self electrocution. 

h. The tw'o sequelae of occlusion, (1) death of muscle and (2) electrical 
instability are not related. 

i. Quantities of blood in the range of drops or several cubic centimeters 
per minute delivered to ischemic muscle are beneficial and protective. 

j. Operation can produce intci’coronary communications. 

These concepts are poorly understood. It is the author’s o])inion that 
coronary heart disease is as poorly understood at the present time as were the 
bacterial diseases before Pasteur. The statement is sometimes made that ‘Mt is 
good to get your coronary occlusion and have it over.” This statement i.s 
reminiscent of the expression “laudable pus” before Lister. 

4. Nitroglycerine augments the amount of blood in ischemic muscle by 
about 12 drops of blood per minute in the dog. This drug effect lasts 5 to 10 
minutes. It is suggested that the term nitroglycerin unit be i to relate these 
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laboratory measurements witli the clinical effect ot 1his drug. This unit, as such, 
eomlnnes clinical effect and quantity of blood and could be used in rcfm-ence to 
other drugs and surgical operations. 

5. The author s operation delivers several times this amount and this 
blood supply is permanent. 

6. Results of operation are excellent or good. 

If Evarts Gi'aham were here he would have the mind to understand this 
work, and, second, lie would have tlie courage and the spirit to fight for its 
application to j^^tionts. This work should not be allowed to remain as a 
second Semmelweis episode. 
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Discussion 

DR FREDERICK R AIAUTZ, Cleveland, Ohio—-It is a great privilege to discuss the 
paper of mv good friend and long time colleague, Dr Claude Beck, on this progiam 
honoring Dr Evarts Graham 

I want to review briefly the phvsiologic basis for the Beck procedure Wo believe 
that the dog heart provides information comparable lu every way to the situation in the 
human heart In the normal heart, the coronary arteiies are pretty much end arteries but 
almost always show a considerable network of fine intercoronary arteriolar anastomoses 
When wc isolate a major arterial ramus in a functioning heart as, for example, the 
circumflex branch, ligate and distallv divide the aitery, we note a little back bleeding 
of bright red arterial blood from the peripheral cut end This blood lias traversed the 
intcrcoronaiy anastomotic channels On first appearance tins seems to represent a verv 
slight amount of collateral but, ns wo study a large number of preparations, we find a 
wide variation in the backflow In a group of 52 normal dogs this varied from 01 cc/ 
mm to 22 cc/niin In a comparable senes of dogs that had previouslv had a Bock I 
procedure done, the backflow varied from 1 cc to 27 c c/miu, the average being twice 
that of the normal hearts In both groups, this backflow repre'^ents a ba«!ic intercoronary 
collateral in hearts that have Ind no pjciious arterial ohstrucUon 

If we add the factor of chronic arterial ob'-triiction wc And great increases in the 
backflow in the majority of experiments, on occasion exceeding 100 cc/niiti of arterial 
blood Peripheral coronary pressures in such preparations occasionally approach aortic 
pressure whereas *periphcral coronary pressure in the iioriiial heart vanes from Yu to of 
moan aortic pressure The increase has been shown to be due to enlargement of inter 
coronarv arterial channels which have become c ipable of providing a functional collateral 
circulation from nrioccludtd coronary arteries 

The surgical proccdurts of the Beck I operation, namely, abrasion of the cpicardiura, 
narrovMug of the coronarv Sinus, and tlie application of powdered asbcato*’, cause an in 
crease in the basic intercoronary an istoino**es and also aid in the natural jiroccs- of gradual 
enlirgcment of anastomo'ies due to the fictors of inflammation plus a mild degree anoxia due 
to reduced venous blood flow Tlie result is a more uniform distribution of arterial blood in 
the mvocardium Our studies ecemed to indicate that extracardiac sources of blood are not 
tapped until quite late Some recent studies of Lord and associates of A.ew Aork, using a 
method of extracorporeal circulation, report what I believe are the first direct measure 
ments of cxtricoroimrv collateral, and obt micd values ns high as 10 per cent of the con 
trol coronary flow measurements 

I am confident that this door of Mature has now been opened ■■ not we 

have reached the ultimate in our understanding of the phe ^ ire 
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dealing. Let us further develop our principles of treatment and continue to be guided 
by the .spirit of Dr. Graham in our quest of facts. We must study, measure, and prove 
the facts in the laboratory before rve indiscriminately try to apply new procedures on man. 

DE. A. VIXEBEEG, Montreal, Canada.—I wish to congratulate Dr. Beck on his 
wonderful work which has been carried out over a great many years, in spite of much op¬ 
position and terrific odds. 

There now remains little doubt that partial ligation of the coronary sinus opens up 
inteicoronary collaterals and provides better distribution of the blood that has managed 
to reach the heart muscle beyond the points of narrowing in the coronary arteries. How¬ 
ever, there is absolutely no experimental evidence that extracardiac blood ever reaches 
an ischemic heart following the Beck I operation. Further, during all these years, no 
injected human specimens have been presented to show arteriolar-sized channels between 
pericardium and myocardium. The evei-changing character of coronary artery heart dis¬ 
ease and the variations in the selection of patients for treatment make the evaluation of 
aiu' method difficult. For this reason the ameroid method of experimentally constricting 



Fig. 1.—Pliotograph of casein ameroid with steel housing siiowing slot through which artery 

passes into central hole. 


Table I. Cokoxaky Aktery Ameroid Constriction Test of Myocardial Revascularization 

Procedures’' 


OPERATIVE procedure 


1 

NO. OF ! 
ANIjrAL.S 

dead under 

30 DAYS 

sacrificed 

DUE TO 
ILLNESS 

s 

4 WK. TO 

4 MO. 

UKVIVED 

6 MO. OR 

longer 

22 

19 (86%) 

2 (11%) 

1 

0 

10 

9 (90%) 

0 

0 

1 (10%) 

10 

9 (90%) 

0 

0 

1 (10%) 

12 

11 (92%) 

0 

0 

1 (10%) 

8 

8 (100%) 

0 

0 

0 

19 

0 

0 

13 (68%) 

6 (32% [open]) 

10 

0 

0 

3 (30%) 

7 (70%) 


Control 

Beck I 

Cardiopneumopexy 
(Harken) 

Ivalon tube, aorta to 
ventricle, all grafts 
blocked 

Internal mammarj^ and 
subclavian artery 
ligation 

Internal mammary artery 
implantation only—of 
which 18 arteries nere 
open 

Internal mammary aitery 
implantation 
+ 

Coronary sinus ligation 

*In ail animals, petrolatum-coated ameroid constrictors v 

descending and circumflex branches of the left coronary arteij. 
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coronary arterie«? has been (^e^ eloped in oui laboratory Constricting ameroids (Fig 1) 
are placed around the origins of both the anterior and circumflet branches of the left 
coronarj arteries These slo^^h absorb water and gradually narrow the coronarj \essel« 
that all control animals die under 30 days or have to be sacrificed, due to illuess, yvithin 
fi neehs The lumina of the coronarj yessels are reduced to about 20 per cent of their 


i 



^ .. 


Fjfr 2—FilUnif anterolateral wall left ycntncle by Injcctjnfr Sclesinger nn^s into 2 
month old Implanted internal mammar> artery m animal which died from nmeroid conatne- 
tion of anterior doscendins: and circumflex arteiles 



Fip 3-~FUlinK of entire left \entilcu!ir coronar> arUrif« thron.h inter-y ' 
artcrj placed in heart C months before In nnirml tint Burt i. 

'interior descending- and circumflex arteries ihc(i nnitroid 

Fig 4—\nlinal 151 Angloc irdlogtniii of Uft nti^.i 4 i '' 

tcrnal maminaij implant showing iimriMimr> enrorno inaiinm!!- ^ 

aritrloks Anterior descending cimmiiry iirli ri ‘' 

80 pt-r cent occluded <^«i|k|.I> Mocked 
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normal size. Extensive intercoronary collaterals form, Init not in sufficient size to pre¬ 
vent death. The control animals die suddenly during fights, after eating, or while exer¬ 
cising. With this standardized technique, it is possible to objectively evaluate methods 
of treating coronary artery insufficiency. It is quite clear that any procedure that pre¬ 
vents death and infarction when the two main branches of the left coronary arterv are 
narrowed or occluded should be worth while. The surgical techniques tested by Dr. B. 
Mahanti this year are listed in Table I. 

There were 22 control animals; the majority died under 30 days, 3 survived less than 
6 weeks and were sacrificed due to illness. 

It is interesting to note that the Beck I operation, cardiopneumoiiexy as done by 
Harken, and Ivalon tube grafts from aorta to myocardium failed to prevent death except 
in 10 per cent of a total of 32 animals. Internal mammary- artery implantation alone, in 
19 animals, provided some protection in 13 of the animals which lived 4 weeks to 4 months. 
Of these, there were tweh'C open internal mammary arterie.s, but mammaiy eoronarj' anas¬ 
tomoses were limited to the anterior ventricular wall (Big. 2). Of the remaining 6 animals, all 
the internal mammary arteries were open, all lived G months or more, could not be killed by 
exercise, and all showed extensive mammary coronary .anastomoses involving the entire left 
ventricle (Fig. 3). When partial ligation of the coronary sinus was performed simultaneously 
with internal mammary implantation, S of 10 animals had open arteries. Three animals died 
4 weeks to 4 months afterward but 7, or 70 per cent, lived G montlis or more. All internal 
mammary arteries were open and showed extensive mammary coronary anastomoses, Eurther, 
the left coronary arteriolar bed was satisfactorilj' filled through the internal mammary artery 
by angiocardiogram (Fig. 4). Since obtaining this experimental evidence, internal mam¬ 
mary arter}' implantation and coronarj' sinus ligation have been performed on 2 human 
beings. 

DE. JOHjST STEIEDEH, Brookline, Mass.—Surgical approaches to chronic coronary 
artery disease have been a leading topic for man.y years. The treatment of coronary oc¬ 
clusion during the acute phase by removal of the obstruction to flow, and support of the 
circulation by extracorporeal pumping as a life-saving measure following massive in¬ 
farction are two other aspects of the coronary problem that are likely to interest this 
Association for many more years. 

The badly damaged heart will require support for days rather than for hours. In 
the Circulation and Surgical Research Laboratories at the Boston City Hospital we have 
been working on a veno-arterial pumping system without an oxygenator that we believe 
will be capable of providing sucli long-term support. 

Blood is drained by gravity from the superior vena cava and pumped into a femoral 
artery. The coronary and cerebral systems are supplied by fully o.xygenated blood from 
tho lung. Superior caval blood, draining from the upper half of the body, is still 50 to 
60 per cent saturated with oxygen. The lower extremities and splanchnic organs are able 
to function on this moderatelj'' reduced blood while relatively inactive. The pump is 
pneumatically operated with Hufnagel type ball-valves at each end, and is exceptionally 
gentle with blood elements. 

It has been possible to pump as much as 70 c.c./Kg./min. with this equipment. In 
this slide, the lightly stippled columns are control cardiac outputs, the cross-hatched sec¬ 
tions heart output during bypass, and the solid areas the bypass flow. The slide shows 
that the volumes pumped amount to about one half the body requirement. The output 
of the heart is reduced by approximatel 3 ' the volume pumped. 

This slide shows the effect of veno-arterial pumping on aortic pressures. Pumping 
raises the diastolic pressure, a factor that should favor better flow through the heart 
muscle itself while the volume component of heart work is reduced. 

We have been able to pump 50 to 60 c.c./Kg./min. continuously for as Jong as 54 
hours with survival and only transient, minor effects on the clotting mechanism, acid-base 
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balance, and electroljto pattern We beIic\o the hemodynamic effects of such -veno 
arterial pumping for a peiiod of dajs rMll prove to be beneficial following major infarction 
of heart iniiacle 

DR DONALD itULDER, Los Angeles, Calif—Since Dec 1, 1957, Dr William Long 
miro and Dr Jack Cannon of the UCLA Surgical Department ha\e operated upon 5 pa 
tients for se\eie incapacitating angina pectoris Previous studies of Blumgart and 
Schles'Jingor, Giegg Thornton and Wautz, as well as numerous autopsj observation‘< have 
led us to believe that localized occlusion of the major coronary arteries with a patent 
distal arterial tree occurred fieqnentlj m the patient with angina pcetons without evi 
dencc of mjocardial infarction or generalized ithcrosclerosis In an espccialh devised 
exercise test, none of these patients could exercise for more than 3^2 uiinutes without 
tvpical pain and the electrocardiogiaphic changes of mjocardial ischemia 

At operation one or more, usutllj two, of the major coronarj arteries wcie found 
to be almost compkteh occluded A to'^hnique of endarterectomj was perfected in the 
dog and found readilj applicable in the liunian being In the 5 cases mentioned, the ob 
structing plug was removed from both the right mam and the left anterior descending 
coronaries in 2 patients In all cases, the smaller distal br inches weie patent bj iiispec 
tion, palpation, and bj demonstration of adequate *‘bacl bleeding" once the obstructing 
core was removed fiom the arterv and its maior braiicht.8 The technique is as follows 

The results of this procedure Imc bicu quite encouraging Although tho second 
patient was lost from isjstolc after the icmoval of tht core from the second major 
coronarj vessel, the other 4 patients have all survived Thej have been cntirclj free from 
angina for the relatively short period since surgerv Exercise tolerance has been greatlj 
improved in all patients and the FCG tracings do not show ovideuce of mjocaidial 
ischemia \\o believe further evaluation of the technique is indicated as the earlj ox 
porionces are most promising 

SIR BUSSELL C BROCK, London, England—Although I have had tlio piivilego 
of visiting the United States on manj occasions, I am ashamed to saj this is the first 
time I have been able to attend a meeting of The American Association for Thoracic 
Surgerj It is a particular source of pleasure to me to bo present on this occasion and to 
paj tribute to Dr Graham I do not wish to add to the eulogj so ablj presented bj Dr 
Burford this morning, but I would like to sav that I feel this tribute ver> deeplj because 
I had the privilege of being one of Dr Graham's "bovs," having worked with him in 
1930 31 One thing that was mentioned, and vorj riglitlj so, was the great friendship 
that Dr Graham encouraged between England and this country through the plan of in 
Mting trainees here And that brings up another point I would lil e to mention Sir 
I was Vcij happ) to see jou wearing tho chain of office wl ich was presented last j c ir bv 
the Association of Thoracic Surgeons of Great Britain and Ireland to this Vs^sonation as 
n bond of fnendship between the two Associations I am happj to see also that not onij 
does the badge of office grace the President, but that the President graces the badge 

I should like to take as my theme tho fact that Dr Claude Beck has presented his 
observations based on a quarter of a century of work Ihe whole world looks to the Unite 1 
States for its achievements with regard to coronary artery disease As >ou know, 
O’Shaughnessej of London lu the oarlj I930's did some ba«ie work on cardio omentojew, 
but since that time tho greater part of the work has emanated from the North American 
continent I was at first rather reluctant to speak on this subject because on a recent 
occasion I made some comments winch Dr Btck misunderstood but I am glad to bavo 
the opportunity to clarifj mj remarks I have been reluctant until recently to embark 
upon these various surgical procedures for the improvement of coronarv arterv disease 
leciuse, quite franllv, I hive Icon unimpressed with the results of the attempts to bring 
a new blood supplj to the heart from outside I would saj that the position is justified 
Dr Beck’s own conclusion as a result of his work is that tho heart spcms to resist the 
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bringing of a blood supply from the outside. I am much impressed with Dr. Beck's 
presentation, not of the ability to bring a new blood supply from the exterior, but of the 
redistribution of coronary blood flow within the myocardium by increase in intercoronarv 
anastomoses. This seems to me to be a logical and accepable result of the various stimu¬ 
lating factors caused by the Beck procedure and can well explain the good clinical results 
obtained. 


That the simple act of opening the pericardium and examining the heart manually 
can be followed by quite profound reaction and disturbances is well known to all of us 
and reaches its most notable form in the so-called "post-valvotomy ” S3-ndrome, which 
is really a “postpericardial insult” sjmdronie and can follow simple needle puncture of 
the heart. It ordinarilj’^ has nothing to do with recurrence of rheumatic activity. 

The effects of a cardiotomy are well known to anj’’ cardiac surgeon who has re- 
opeiated on the heart within a j'ear of the first operation. The mj'ocardium is soft, often 
discolored, and the patient’s reaction to the interference maj' be unduty severe. It seems 
as if the heart easity suffers a notable traumatic m 3 'oearditis and to me it is ea.s_y to un¬ 
derstand how such a process results in a great increase of intercoronarj' anastomoses. 

When I say that I am unconvinced that a new and effective blood supplj' can be 
brought to the heart from outside, I do not mean that I am criticizing adversety the many 
splendid attempts to revaseularize the heart from a sj'stemic source. I merely state that 
so far I am not convinced that the\’ succeed in the waj' they claim to succeed, although 
they may bring benefit bj' some other mechanism. I yist do not want, todajq to become 
involved in a critical discussion of these various procedures. I applaud the spirit and 
purpose which guides them and hope that thej’- will achieve success. 


DR. BECK (Closing).—There are two approaches for effective treatment. One in¬ 
volves addition of blood to the heart. On the basis of a large experience, the statement 
is made that the heart resists the addition of blood from outside sources. Manj^ years 
ago my associates and I grafted tissues on the heart including the internal mammaiy 
artery with the expectation that blood would go across the graft to the heart. Later on, 
the specimens were injected with a waterj’’ dj'e and routinely it was possible to inject 
from the heart into the graft and from the graft into the heart. But, when we used a 
thicker material consisting of a solution of barium sulfate and gelatin, it was onlj^ the 
occasional specimen that showed blood vessels large enough to carry blood. Several 
.specimens injected with this material entered the internal mammary artery which was 
grafted on the heart (for specimens see Mautz and Beck, J. Thoracic Surg. 7: 11.3, 1937, 
and Beck, Ann. Surg. 118; 792, 1943). I have also seen specimens in Dr. Vineborg’s 
laboratory in which channels large enough to carr}*^ blood were present. But, in the 
laboratory, we and others have had indifferent success in demonstrating such vessels. 
Perhaps we did not do our experiments right. We have also added blood into the venous 
system, directing it to the capillaries in a retrograde direction. This worked well for 
awhile but later on intimal thickening cut off this inflow, but this operation gave the 
heart an excellent set of intercoronaries and, indeed, the greatest degree of protection 
was provided by this operation. 

Early in our work (1932) the idea of cleaning out coronary arteries was considered 
and applied first in autopsj' specimens and later on at the operating table after the death 
of the patient. The possibility of yield seemed to be small. This idea is being revived 
and is being tried on patients even though surgeons have not been successful in arteries 
of this size elsewhere in the bodJ^ The widespread involvement of the coronary tree by 
the disease, often including secondary branches of coronary arteries in a large percentage 
of cases, the possibility of changing stenosis into occlusion by the surgical manipulation, 
and the possibility of creating an imbalance and electrocuting currents are considei ations 
that uull determine success or failure of this manipulation. Dr. John Madden of New 
York told me of his success in cleaning out the descending arterj' but at autopsy the right 
and circumflex arteries were severety stenosed. It is possible that this created an im¬ 
balance, oxj'gen differentials, and electrocuting currents. 
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I am grateful to Sir Ru'sseH Brock for Iiis discussion; I appreciate it. He eniplia- 
sizes (li'<tribution of the heart's otth blood as ono method of attack in treatment. I am 
pleased that lie accepts this as a possibility for effective treatment. I had the privilege 
to attend the Harvey Tercentenary Congress in London last year. I shall never forget 
this meeting. In grace, dignitj*, and historical significance, this meeting could not be 
duplicated anywhere else m the world eveept in London and for William Harvey. The 
physicians of Britain have warm affection for The American Association for Thoracic 
Surgery. They showed it last jear when the President of their Association, ilr. George 
Sfason, presented to our President, Dr. Cameron Haight, a medallion to establish the 
CImin of Command to be passed on from President to President for all time into the 
future. 



THE CLINICAL SIGNIFICANCE OF COR PULMONALE IN 
THE REDUCTION OF CARDIOPULMONARY RESERVE 
FOLLOWING EXTENSIVE PULMONARY RESECTION 

Robert Harrison, M.D. (by invitation), William E. Adams, MD., 

Edivin T. Long, /M.D. (by invitation), Benjamin Burroivs, /M.D. (by 
invitation), and Arthur Reimann, /M.D. (by invitation), Chicago, 111. 

S INCE the first successful one-stage pneumonectomy was performed over 25 
years ago there has been great interest in the alterations of respiratoiy and 
circulatory function following the extensive loss of lung tissue. 

Longacx’e^’ ® and his associates in experimental studies on dogs observed 
the effects of pneumonectomy upon pulmonaiy and cardioeirculatoiy functions 
in young growing and adult animals. In pupiiies subjected to pneumonectomy, 
enlargement of the remaining lung and histologic evidence of pulmonaiy 
hypei’ixlasia were reported. The capacitj^ of these animals to perforin exhausting 
exercise was comparable to normal control animals. Similar studies on adult 
animals revealed findings of emplysematous change in the remaining lung in 
the form of fragmentation of alveoli and loss of clastic tissue. These animals 
showed marked physiologic deficiencies under conditions of physical stress. 

Subsequently, clinical studies of the effects of pneumonectomy in children 
were reported. In a study of 4 young children followed up to adult life, 
Lester, Cournand, and associates^’ ® observed that 2 of the patients, in spite of 
a moderate degree of pulmonary distention, showed a reduction in breathing re¬ 
serve from normal and a mai’kcd degree of oxygen unsaturation in the arterial 
blood during strenuous exercise. The other 2 patients showed improved adapta¬ 
tion and good physiologic performance. A study of 10 children bj’" Peters and 
associates'" revealed that in spite of increa.ses in size of the remaining lung with 
high residual volumes in one half of the cases, the physiologic responses of 
these patients to exercise Avei-e ivithin the range of nonnal. 

Observations on adults following pneumonectomy have also been reported. 
Cournand and Beriy,” in a study of 12 patients before and aftei pneumonec¬ 
tomy, found the chief difference between postpneumoncetomy patients and 
normal subjects was the reduction in breathing reserve in I'arious states of 
actix’^ity. This I'eduction was caused by a decrease in maximum breathing 

r>om the Departments of Surgery and Medicine of tlie University of Chicago Clinics. 
Chicago, 111. „ . 

This study was supported in part by United States Public Health Service (H-lS9t) and 
by the American Cancer Society. 

Read at the Thirtv-eiglith Annual Meeting of The Ameiican Association for Tlioracic 
Surgery at Boston, Mass'., May 16-18, 1958. 
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capacity and nas gieatti in the oldei patients It ivas, then inipiession that 
“the late effects of pnenmoneetonij upon gas esehangc m the lungs, the state 
of lespiiatoiy gases m the aiteiial blood and the caidiociiculatoi} function 
ncie insignificant ” In a latei studj on the piiliiionary oiiciilation and aheo 
lai ventilation pcifusion ielationslnps aftei pneumonectomy, Coiiinand and 
con oriels'* deinonstiatod that in 9 patients studied late aftei pneiimonec tomi 
theie nas an ineitase in the size of the icniaiiung lung, a i eduction of iiia\i 
mum bieathiiig capacity an appio-vimatelj noimal aiteiial os.ygen satiiiation 
at lost and slightlj helon noimal dining e\eieisc, the aieiage pulmonaiv 
blood flow and mean pulmoiiai j aiteiial piossiiie ncie mtliin the noimal lange 
at lest and that a mild pulmoiiaij hjpeitension inevitahlj developed in the 
eoiiise of mild exeicise Pulmonaiy function studies of Biiatli® and Biiinott'° 
and then associates pioduced hiidings similai to those of Couinaiid 

It has been leeognized foi some time that in ceitain individuals, notahlj 
those 111 the oldci age gioup, extensive pulmonaiy lesection (inieiimoneetomj ) 
with an immediate leduction of caidiorcspiiatoiy lesoive icsults in coi put 
nionalo, right heait tailuie, and deitli'’ *“ Ilovvevci, more iccentlv inter 
est has been moused by a gioup of postpncuraoneotomj patients who w oie able 
to adjust to the immediate effects of pncumoiicctom} and lesiime then vvoik 
and activities without disahilitj , only yeais latci to begin to espeiience pio 
giessive djspnea on excition lesulting in a maiked lediiction of then func 
tional capacity and sometimes foieing the individual into a state of letiienient 
and semiinvalidism The “lata” effects evpeiieiicod bj these individuals weie 
not alvvajs well coiielated with abuoimalities in then pulmonaiy function stud¬ 
ies Occasionally, such a patient would picscnt the findings of light heait fail 
me Theiefoio, the mechanism of coi pulmonale icsulting fiom a ieduction 
of pulmonai'j paienehjma came undci coiisideiatioii In view of the wide 
spiead use todaj of pneumonectomy as the opci.ition of ehoivo ioi caicmoma of 
the lung, as well as the ficquent perfoimaiiee of extensive bilateial jnilmoiiaiy 
lesection, these “late” icsults should become of ev ei incicasing impoitaiice 

Ill an attempt to iindeistaiid bettci the mechanisms inv olv ed in the “late” 
icsults of extensive piilmonaij lesectioii and to elucidate fuithci the role of 
pulmonaiy hjpertension m such eases, phvsiologic studios weic peifoimcd on 
a senes of patients at various intcivals following pneiimoneetomv and bilateial 
lesection 

MAIFKIVL FOR STUDX 

Phjsieal eharacteiisties and clinical data conceiiiing the 29 pitients studied 
aic tabulated in Table I Theic vveic C females and 23 m ihs langing in age 
fioni 23 to 74 years 

Pneumoneetomj had been peifoimcd in 25 of the 29 lasts, in 19 lasts foi 
a diagnosis of piimaij carcinoma of the lung, in 2 cisis fin tuheiculosis in 
2 eases foi cvstie disease of the lung in 1 e.ise foi chionie sii]ipuintive disiasc 
and in 1 case for a bionchial adenoma Two of the pncinmmcetomv nitiints 



Table I. Physical Chaeacteristics, Diagnosis, and Functional Capacity op Patients 
Following Extensive Pulmonary Resection 



1 

1 

PATIENT 

AGE 

sex 

surface 

AREA 

M.2 

TYPE OF SURGERY 

DIAGNOSIS 

YEARS 

AFTER 

SUR¬ 

GERY 

FUNC¬ 

TIONAL 

CLASS 

1 

E. B. 

44 

F 

1.73 

Eight pneumonectomy 

Tuberculosis 

3 

II 

2 

B. B. 

52 

F 

1.56 

Left lower lobectomy, 
lingnlectom}', and right 
middle lobectomy 

Lipoid 

pneumonia 

2 

II 

3 

H. Be. 

23 

M 

1.84 

Left pneumonectomy 

Cystic 

disease 

5 

I 

4 

H. Bo. 

69 

M 

1.87 

Left pneumonectomy 

Carcinoma 

3 

IV 

5 

P. C. 

C9 

M 

1.49 

Left pneumonectomy 

Carcinoma 

12 

II 

G 

E. C. 

42 

M 

1.88 

Eight pneumonectomy 

Carcinoma 

6 

II 

7 

S. D. 

Go 

M 

1.84 

Left pneumonectom}’ 

Carcinoma 

9 

I 

8 

B.F. (1) 

42 

F 

1.53 

Right pneumonectomy 

Bronchial 

adenoma 

5 

II 

9 

B. F. (2) 

45 

F 

1.58 

Right pneumonectomy 

Bronchial 

adenoma 

71/j 

II 

10 

J. G. 

39 

F 

1.67 

Right middle and lower Bronchiec- 
lobectomies; left lower tasis 

11 

I 


lobectomy and lingu- 
lectoray 


11 

M. H. 

68 

M 

1.90 

Left upper lobectomy 

Carcinoma 

2 

III 

12 

E. J. 

49 

M 

1.62 

Right pneumonectomy 

Carcinoma 

7 

I 

13 

J.K. 

37 

F 

1.77 

Left pneumonectomy 

Tuberculosis 

3 

I 

14 

E. K. 

45 

M 

2.04 

Right pneumonectomy 

Carcinoma 

6 

II 

15 

A.L. (1) 

46 

M 


Left pneumonectomy 

Carcinoma 

1 mo. 

III 

16 

A. L. (2) 

47 



Left pneumonectomy 

Carcinoma 

ll/o 

III 

17 

0. L. 

54 

M 

1.79 

Eight pneumonectomy 

Carcinoma 

11 

III 

18 

H.M. (1) 

47 

M 

1.78 

Right pneumonectomy 

Carcinoma 

3 

I 

19 

H.M. (2) 

49 

M 

1.64 

Eight pneumonectomy 

Carcinoma 

5 

I 

20 

J.M. 

57 

M 

1.90 

Eight pneumonectomy 

Carcinoma 


III 

21 

A.M. 

53 


1.64 

Left pneumonectomy 

Carcinoma 

1 

III 

22 

E.N. 

72 

Jil 

2.00 

Left pneumonectomy 

Carcinoma 

12 

II 

23 

M. 0. 

63 

M 

1.84 

Eight pneumonectomy 

Cystic 

disease, 

3 

II 







infected 



24 

L.E. (1) 

61 

M 

1.71 

Eiglit pneumonectomy 

Carcinoma 

14 

II 




and tlioracoplasty 




25 

L. E. (2) 

63 

M 

1.74 

Eight pneumonectomy 

Carcinoma 

15 Vi 

III 





and thoracoplasty 




26 

IV. E. 

58 

M 

1.74 

Right pneumonectomy 

Lung 

abscess 

31/2 

I 

27 

E. S. 

30 

M 

1.80 

Left lower lobectomy and Bronchiec- 

11 

I 

lingulectomy; riglit 
lower lobectomy 

tasis 








28 

J. So. 

65 

M 

2.08 

Eight pneumoneetomj' 

Carcinoma 

3 

II 

29 

J. Sz. 

74 

M 

1.97 

Left pneumonectomy 

Carcinoma 

71/2 

IV 

30 

H. T. 

69 

F 


Right pneumonectomy 

Carcinoma 

3 wks. 

IV 

31 

J. T. 

64 

M 

1.59 

Eight pneumonectomy 

Carcinoma 

31/2 

II 

32 

IV. IV. 

52 

M 

2.08 

Eight pneumonectomy 

Carcinoma 

3 

II 

33 

P.W. 

57 

M 

1.80 

Left pneumonectomy 

Carcinoma 


I 
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had also had a supplemental thoiacoplastj peiformcd on the side of the pneu 
monectomy Tom of these patients ivcie studied on tiio occasions with an 
intcnening peiiod of 11/4 to 2^ years 

Thiee patients had undeigone hilateial pulmonaiy resection—2 foi bilat- 
ei.il bionchiectasis and 1 foi hilateial lipoid pneumonia One patient had uii 
deigone only a left uppei lobectomj foi a pnmaiy eaicinoma of the lung 

The studies ivero pcifoinied fiom 3 weeks to 151/4 yeais aftoi the suigical 
pi ocediii es 

Initially, ini estigations i\eie made on patients ivho piesented themsehes 
ivoth complaints of piogicssue djspiiea on cxeition and consequent i eduction 
of MOik and eseieiso capaciti Later, as interest in this pioblem iias stim 
ulated the study iias extended to include othei patients iilio, aftei a conipaia 
bio tjpc of surgen, neie cntiiely asjnnptomatic or offeied oiilj' minoi com 
plaints Their findings u eie eompaied iiith those in the gioup of sj mptomatic 
patients The distnbution of the patients as to age and tjpo of siiigeiy pei 
foimed IS sumniaiized in Table II 


Tabie II 33 Patients 

ACE 01 PATIENTS—PROCEDUPE PERFOI MED 


1 

1 

20 29 1 
\E\rs 1 

1 30 39 1 

1 TEAPS 1 





Loft pncumonoctomj (’ll) 

1 

1 

2 

o 

3 


RiClit pncumoncctomj (18) 

0 

0 

8 

4 

6 

0 

Bilater'il lolnr resections (4) 

0 

o 

0 

1 

1* 

0 


•Left upper lobe only 


MFTHOD OP STUDl 

The patient undeigoing iniestigatioii iias hospitalized foi 36 to 48 houis 
Duiiiig this hospitalization a complete cluneal histoiy and physical oxamina 
tion iieie obtained, electioeaidiogiam chest loentgenogiain, pulmonaiy fuiic 
tion studies, and cardiac catheteiization studies weie porfoimed The clinical 
eialiiatioii of the individual i\as eaiefiillj standardized by the use of a detailed 
questionnaire and clinical evaluation sheet 

The patient’s funetional capacity was giaded on a scale of I to IV Class 
I included those patients hai iiig no limitation of phi sical actii it> and in whom 
oidinaij plnsical activitj caused no discomfoit, Class II signified a slight to 
modeiate limitation ot phjsical actnitx , Class III included those uitli a mod 
date to gieat limitation of physical actnity, while Class TV was assigned to 
the patients unable to carij on anj physical actnitj without discomfort 

Pulmonaiy function studies wcie earned out in the piilmoiiarj phjsiologj 
laboiafoiy and ineliided spiiomctiic detcimiiiation of lentilatorj capacitj, 
lesidual loliime, nitrogen washout cimcs, eai oximetn and, in a few sub 
lects pulmoiiaij diffusing capacity Residual lolniius weie dcteiiiiiiicd bj a 
modification of the Hailing method ''' 

Caidiac catheteiization was emplojcd to measiiie iighthtart iiiessures and 
cardiac output at lest and dmiiig modeiate exercise 1 ’w ii ,v;the- 

teiization was not tcchnieallv possible in all eases, and _ ht 
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ventnculai- pressiTres were obtained in those cases. Arterial oxygen satura¬ 
tion was continuously recorded during the cardiac catheterization by a Wood 
earpiece and recording oximeter.^^ Right heart pressure measurements were 
made by means of a Statham strain gauge manometer and a Grass amplifier¬ 
recording instrument. Cardiac output was determined by the direct Pick 
method on 12 of the patients in a resting state and during the last minute of a 
3-niinute exercise period. Simultaneous mixed venous and systemic arterial 
blood samples were analyzed for oxygen content by the Van Slyke method.'^ 
A 3-minute period of moderate exercise was required of each patient in 
the supine position by bicj’^cling against resistance or flexing each leg against 
a 5-pound resistance. 


BESULTS 


The functional capacity of each patient at the time of study as determined 
by the history and clinical evaluation is tabidated in Table I. There appeared 
to be a rough correlation between the age of the patient at the time of the 
study and his functional capacity. However, a more striking relationship was 
found between the age of the jiatient at the time of his surgery and his result¬ 
ant functional class (Table III); the older the patient at the time of surgery, 
the more likely he was to experience a reduction of functional capacity later. 


Table III. EELATio.vsirrp of Patiext’s Age at Surgery axd Eesultaxt Fvsctiokal Class 


FUXCTIOXAL 

CLASS 


10-19 


20-29 


30-39 


40-49 


(age IX YEARS) 


50-59 


60-69 


(11 patients) 

n 

(12 patients) 

III 

( 7 patients) 

IV 

( 3 patients) 


4 

0 


0 

4 

1 

3 


This was especially true of the group over the age of 60 at the time of suigciy, 
in our series none of these patients was functionally unimpaired, and all 3 of 
our Group IV patients fell into this age group. There were no striking differ¬ 
ences between the functional capacities of the right and left pneumonectomy 
groups, but the patients having undergone extensive bilateral resections pre¬ 
sented ’ little or no functional incapacity (Table IV). No relationship was 
demonstrated between the length of survival since pulmonary resection and 
the resulting functional capacity of the individual. 


Table IV. 33 Patients 

PROCEDURE performed—FUNCTIONAL CAPACITY 


I 

■ I 1 

II 1 

III 1 

IV 

Left pneumonectomy (11) 

4 

2 

10 

3 

2 

Rjglit pneumonectomy (18) 

4 



Bilateral lobar 




0 

resections (4) 

2 

1 

1 


•Left upper lobe only. 
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The results of the pulmonary function studies and cardiac catheterization 
studies are tabulated in Tables V and VI and are represented graphically in 
Figs. 1 and 2. The average results will be discussed separately for each func¬ 
tional class. 


Table AH. Circulatory Studies or Patients Following Extensive Pulmonary Resection 


CASE NO. 

FUNC¬ 

TION¬ 

AL 

CLASS 

RIGHT HEART 
SYSTOLIC 

PRESSURE 
(MM. HG) 

ARTERIAL 

OXYGEN 

SATURATION 

(%) i 

OXYGEN 

CONSUMPTION 

(ML./MIN.) 

CARDIAC 
OUTPUT 1 

(l./min.) 

CARDIAC 

INDEX 
(L./JtIN. 
/M.= ) 

REST 

1 EXER. 1 REST [ EXER. 

REST 

1 EXER. 

REST 

1 EXER. 

REST 

1 EXER. 

1 

E. B. 

II 

22 

■ 39 

98 

95.5 

218 

542 

6.25 

8.26 

3.61 

4.78 

2 

B. B. 

II 

28 










4 

H. Bo. 

lA^ 

34 

56 

93 

86 

218 

271 

3.91 

3.30 

2.09 

1.76 

5 

P. C. 

II 

33 

48 

96 

93 







6 

E. C. 

II 

35 

70 









7 

S. D. 

I 

34 

66 

92 

87 







8 

B. F. (1) 

II 

25 


96 

97 







9 

B. F. (2) 

II 

34 

43 

97 

97 

212 

434 

5.06 

5.52 

3.20 

3.49 

10 

J. G. 

I 

17 

38 

95 

93 







11 

M. H. 

III 

23 

48 

86 








12 

E. J. 

I 

30 

40 

97 

90 







1.3 

J. K. 

I 

25 

41 

95 

97 

235 

579 

5.5 

9.3 

3.11 

5.25 

14 

E.K. 

II 

21 

43 

97 

99 







15 

A.L. (1) 

III 

31 

43 

93 

93 







16 

A. L. (2) 

III 

30 

70 









17 

O.L. 

III 

56 

85 

90 

86 







18 

H.M. (1) 

I 

28 

39 

97.5 

05 







19 

H.M. (2) 

I 

19 

34 

95 

94 

198 

680 

4.01 

9.03 

2.44 

5.5 

20 

J.M. 

III 

28 

31 

96 

95 


661 


7.7 


4.05 

21 

A.M. 

III 

25 

39 

96 

94 

266 

448 

6.2 

6.9 

3.78 

4.20 

23 

M. 0. 

II 

22 

34 

96 

95 

189 

685 

4.76 

S.73 

2.59 

4.75 

24 

L. R. (1) 

II 

35 

84 

94 

85 







25 

L. R. (2) 

III 

38 

56 

94 

95 

206 

591 

3.2 

6.3 

1.84 

3.62 

26 

AA^ R. 

I 

33 

42 

97.5 

95.5 







27 

E. S. 

I 

25 

39 

97 

95.5 







28 

J. So. 

II 

33 


98 

98 

318 


3.6 


1.73 


29 

J. Sz. 

IV 

75 

112 

96 

90 







30 

H. T. 

IV 

35 

52 









31 

J. T. 

II 

48 

65 

97 

95 

198 

410 

3.5 

4.7 

2.2 

2.96 

32 

AA’’. AA". 

II 

35 

OD 









33 

P. AV. 

I 

41 

75 

96.5 

95 

296 

727 

4.75 

10.25 

2.64 

5.69 


Class I .— 

Considered as a group the ten studies performed on 9 patients an average 
of 6.5 year’s postoperatively showed the following average findings: 

1. Total lung capacity, 3.97 L. 

2. Vital capacity, 64.7 per cent of the normal predicted for a patient rvith 
two lungs. 

3. Residual volume, 1.56 L. 

4. Maximum breathing capacity, 58.1 per cent of the predicted value for a 
normal chest with both lungs. 

5. First second vital capacity, 75.3 per cent. 

6. Maximum midexpiratory flow, 1.57 L./sec. 
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7. Pulmonaiy artery syhtolie pressure: rest 28 inm. Ilg.; exercise 46 mm. 
Hg. 

8. Arteiial o.xygen saturation: rest 96 pei cent, e.xereise 94 per cent. 

Class II.— 

Tlie average findings of the group of 13 studies on 12 patients, an average 
6.2 years postoperativelj’, weie as follows: 

1 Total lung capacity, 3 56 L 

2. Vital capacity, 57 per cent of the iioimal predicted for a patient with 
two lungs 

3. Residual volume, 1 47 L. 

PULMONARY FUNCTION STUDIES AFTER EXTENSIVE PULMONARY RESECTION 
(30 PATIENTS) 


T.L.C VITAL CAPACITY RV. 

(L.) • (•/.NORMAL) (L) 



M.B.C ONE-SECOMO VITAL MAX. MID-EXPIRATORY FLOW 

(•/.NORMAL) CAPACITY PAVC.) •/ (L/SEC) 



iTTOiLjz iTEUiis: inurxz: 


Fiff 1—Results of puIinonoO function studios ffrouped accorcllnf; to the patient s f'dic- 
tional class Bat's represent average values for each group Dots represent ro^JUlts of itidiviu- 
ual studies in each group TLC {D) = total lung cnpacltv In liters. Vital Capacltj 
Normal) = pfi cent of vital capacitv predicted for a normal subject with two lungs. R (L* ) 
= residual volume in liters, JI B C Noimal) = percent of the predicted moxlimim breath¬ 
ing capacity of a normal chest with both lungs One-Second Vital Capacity (rj, v.C ) — per 
cent of the vital capacity expired In the flrst second. Max Mid-Bxplrator> !• low (D/Scc ) =r 
maximum midcxpirntorj flow in liters per second (16) . 1. If. HI. IV 
of the patients In each group {See text for definition > 


tlie functional class 


4. Ifa.ximum hre.athing capacit 3 -, 44 per coni of fhp predicted value for a 
normal chest with both lungs 
r>. Fii.st second \ital capaeitj', 74 per cent. 

6 Maximum midexphatoi.v flow, 1 44 L/sec. 

7. Pulmonary arterv s.vstoIic piessiire: rest 31 mm. Ilg; e.xeicise 53 mm. 
Hg. 
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8. Arterial oxygen saturation: rest 9G per cent; exercise 94.5 per cent. 
Class 111 .— 

The average findings of the group of 7 studies on 6 patients, an average of 
4.5 years postoperatively, were as follows; 

1. Total lung capacity, 3.41 L. 

2. Vital capacity, 42 per cent of the normal predicted for a patient with 
two lungs. 

3. Eesidual volume, 1.75 L. 

4. Maximum breathing capacity, 38.5 per cent of the predicted value for a 
normal chest with two lungs. 

5. First second vital capacity, 72.4 per cent. 

6. Maximum midexpiratoiy flow, 0.988 L./,scc. 

CIRCULATORY STUDIES AFTER EXTENSIVE PULMONARY RESECTION 




Functional Closs -l 


23-65 t45) 42-72 (59) 



in iy- 

46-68(55) 69-74 (71) 


Yrs- Postop 3-11(6 1/2) 


2-14(6) 1/2-15 1/2(4 1/2) 3v(k5-71/2yr 


Pig. 2.-Putaonary artery pressures frul arterial oxygen saturations during rest and e.x- 
ercise, grouped according to the patient s functional class. • the 

The lighter vertical lines repr”|enttlfe'averages for the groups; 

heavier vertical lines at the extreme right of of ages of patients within each 

P’unctional Class—(see text for deanition) ; Age = the of the number of years 

group and the average age for the group; Yrs. Postop. = the range or uie numu 
after surgery for the patients in each s:roup and the aveiage for S 
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7. Pulmonary artery sj'stolic pressure: rest 33 mm. Hg; exercise 53 mm. 
Hg. 

8. Artei'ial oxygen saturation: rest 94 per cent; exercise 92 per cent. 

Class ir.— 

Tlie average findings of the gi'oup of 3 patients studied an average of 5.25 
.vears postoperativel.v were as follows: 

1. Total lung capacity, 4.73 L. 

2. Vital eapacit.v, 53 per cent of the normal predicted for a patient with two 
lungs. 


FUOW-PBESSURE RELATIONSHIP IN PATIENTS 



FIs. 3.—Relatlon.ship of pulmonary arteiy pressure to pulmonary Wood flow durlnif res: 
and exercise. 

Eacli line represents the chanKe durlntr exercise for 1 patient; dots represent single de¬ 
terminations at rest or during c\erclse; numbers In imrentheses Identify patients by case 
number (see Table I); roman numerals signify the functional class of each case; vertical 
dotted line represents the pulmonarj- n»ter>’ pressure lu\el In normal subjects at rest and dur¬ 
ing exercise. 
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3. E^sidual volume, 2.71 L. 

4. Maximum breathing capacity (obtained in only 1 case). 

5. First second vital capacity, 60 per cent. 

6. Maximum midexpiratory flow, 0.560 L./sec. 

7. Pulmonary artery systolic pressure: rest 48 mm. Hg; exercise 73 mm 
Hg. 

8. Arterial oxygen saturation: rest 94.5 per cent; exercise 88 per cent. 

A graphic representation of the relation.ship of the pulmonary blood flow 
to the pulmonary artery pressure in the 12 patients studied is presented in 
Fig, 3 and will be discussed later. 

DISCUSSION 

The results of the pulmonary function studies on this group of patients 
form the basis of a subsequent report and will not be considered fully here. 
However, in considering the I'elationship between the findings of the pulmonary 
function studies and the patients’ functional capacities, as illustrated in Fig. 1, 
a number of generalizations were drawn. There appeared to be a correlation 
between the functional capacity and abnormalities in the maximum breathing 
capacity, residual volume, and maximum midexpiratory flow.^® In the pa¬ 
tients with increasing amounts of functional impairment, the maximum breath¬ 
ing capacity and maximum midexpiratoiy flow values became progressively 
more reduced, while, in these same patients, the residual volume became 
greater. This observation would support the impression that in these patients 
there were emphysematous changes in the remaining lung as represented by 
marked overdistention, increased airway rasistance, as well as arterial oxygen 
unsaturation and abnormalities in the alveolar gas mixing (abnormal nitrogen 
washout curves). It should be pointed out that although a patient may have 
presented the picture of a markedly overdistended lung with marked hernia¬ 
tion to the opposite side on x-ray studies, this did not necessarily represent 
emphysematous changes in that lung; other portions of the study revealed 
relativety normal flndings and the patient experienced little or no functional 
disability. Patient 13 (J. K., Pig. 4) represents such a case. 

Considering the pulmonary arteiy pressures with regard to the functional 
capacity of the patient, it was found that in Class I, 5 of the 8 patients displayed 
normal pulmonary artery pressures at rest but experienced increases from 25 
to 120 per cent over resting levels during the exercise period. The remaining 
3 patients in Class I had resting pulmonary artery pressures elevated 16 to 64 
per cent above normal resting levels, and these levels during exercise increased 
27 to 94 per cent above the resting levels. Five of the 12 patients in functional 
Class II had normal resting pulmonary arteiy pressure; during exercise these 
pressures rose 55 to 105 pez’ cent above the I’csting levels. The 7 remaining 
patients in Class II presented right heart pressures elevated 32 to 52 per cent 
above noi'mal resting values. During exercise, these pressures became furthei 
elevated to levels 35 to 140 per cent above the elevated resting levels. In the 
Class ITT group of cases, 3 of the 7 patients had noi’mal I’esting pulmonaij’’ 
artery pressures that increased 18 to 110 per cent above this level dui’ing the 
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exercise period. The other 4 Class III patients at rest had pulmonary artery 
pressures elevated 16.5 to 125 per cent above normal. AVhilo exorcising, these 
patients produced 39 to 133 per cent increases in pressure. All 3 of the Class 
IV patients displayed elevated resting right heart pressures; in 2 cases 40 per 
cent above the normal resting value and in the third case the elevation during 
rest was 200 per cent higher than normal. During the exercise period these 
pressures increased 48.5 to 65 per cent above the elevated resting values. 

Pneumonectomy, as well as extensive bilateral pulmonary resection, results 
in a marked reduction of the total pulmonary capillary bed. Normally only a 
portion of the total capillary bed of the lung functions at one time. During 
exercise, with an increase in the amount of oxygen uptake in the lungs asso¬ 
ciated with increases in cardiac output, undoubtedly a greater fraction of the 
total lung capillary bed functions, as indicated by the lack of alteration in 
right heart pi'essure and arterial oxygen saturation in the normal individual. 




FUNCTIONAL CLASS I. 


T.L.C. 

V.C. 

R.V. 

M.B.C. 

I sec V.C. 


Pulm.Art.Press. 

Art. O 2 Sat. 

Pulse Rate 
O 2 Consumption 
Cardiac Output (L./mln.) 


3.85 L. 

2.05 L. (68%) 

1.5 L. 

57.0 L./min. (60%) 
74% 


Rest 

Exer, 

f(14) 

41 

T7(25) 

95% 

97% 

110.0 

146.0 

,235.0 

579.0 

5.5 

9.3 


Fifr- t.—A roentaenograin of Patient 13 tJ- K.). a 37-jear-olo tvoninn, tiitien 3 yeais po.it- 
pneunionectomy (left). 

T.LC. = total lunir capacity VC = Mtal capacity—per cent of normal prcdirteil for 
subject with tt\o lunps ; R.V. =: reshlual volume; = maximum hrcathlns capacity—per 

cent of predicted a-alue for a normal cliest Pith Lotli lungs; 1 .sec. V.C. = per cent of tlio vital 
capacity expired in the Cast second; Pulin. Art Pie.as = pulmonarj- artery' pre.asures (mm. 
Ilg) (mean puimonary artery pressure in parentheses) ; Art Oi S.at. = arterial oxygen satura¬ 
tion : Oi Consumption = oxygen consumption (ml /mm ). 


In the patient who has undergone pneumonectomy, the blood flow through the 
reiiiaining lung is doubled. If the total eapill.ary bed of the I'cmainiiig lung 
docs not change and the functioning capill.ary bed iiiereascs, then the reserve 
or noiifunetioiiing capillary bed of that lung is decreased. C(iiise(|ueiitly, whi'ii 
the oxygen requirements of the body are increased, sueli as by exercise, and the 
pulmonary blood flow increases, the reserve capillary bed may no longer bo 
adequate to accommodate the.se demands. Tliis would then rc.S'ult in an eleva¬ 
tion of the right heart pressure and possibly a concomitant f.-ill in arterial oxy¬ 
gen saturation. 

The effect of the increased blood flow tlnongli the remiiiniiig capillarj- bed 
over the course of yeare is a iiiattcr for speculation and is under investigation. 
Possibly tlic increased flow leads to alterations in tlicse vessels, which in turn 
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reduces the eapillaiy bed and, in turn, the "reserve” capillary bed. However, 
He progressive reduction of the reserve capillary bed may be unrelated to the 
increase in blood flow and be related to pathologic processes occurring in the 
ung tissue with a secondary effect on the eapillaiy bed, such as in emphysema, 
luidoubtedly, both or either process may play a role in an individual patient, 
as will be illustrated in later discussion. 

It has been observed in normal subjects that the mean pnlmonaiy arterial 
blood pressure did not change as the tHilmonary blood flow increased up to 
10 L./M.' body surface area during a stead.v state of severe exercise.^' Cour- 
nand® reported that in 5 subjects after pneumonectomy the mean pulmonary 
arterial pressure remained within norma} limits with a pulmonary blood flow 
of less than 5 L./M.- bodi'^ surface area; the moan pulmonai'y arterial pressure 
I’ising progressivelj' as the blood flow increased beyond this level. 



FUNCTIONAL CLASS II. 

T.L.C. 

V.C. 

R,V. 

M.B.C. 

] sec V.C. 


Pulm. Art. Press. 

Art.02 Sat. 

Poise Rate 
O 2 Consumption 
Cordioc Output (L./min.) 


2.4 L. 

1.5 L.{34%) 
0.9 L. 


36.0 L./min.(33%) 

62% 


Rest 

Exer, 

f03) 

g{23) 

98% 

95.5% 

92.0 

1)2.0 

218.0 

.542.0 

6.25 

8.26 


Fiff. 5 .—A roentgenogram of Patient 1 (E. B.)» ^ 44-year-old Tyoman, taken 8 y^rs post- 
thoracoplasty (right) and 4 years postpneumonectomy (right)^ Same key as m Fig. 4. 


In contrast to the findings of Cournand, the results were somewhat differ¬ 
ent in the group of patients in Avhich the relationship of pulmonary blood flow 
to pulmonary artery pressure was determined (Fig. 3). 

In 5 eases. No. 1 (B. B.; Pig. 5), No, 9 (B. P.), No. 21 (A. M.), No. 25 
(L. R; Pig. 6), No. 31 (J. T.), despite the fact the pulmonary blood flow was 
less than 5 L./ld.- per minute, the pulmonary artery pressure increased. This 
suggested that the distensibility curve of the pulmonary vascular bed of these 
remaining lungs differed from that of normal lungs; i.e., a limitation in the 
expansibility of the vascular bed by a reduction in the number of small vessels, 
and/or a decrease in the cross-section of the lumen of the arterioles and pre¬ 
capillaries. 

Three patients in our series. No. 17 (0. L.), No. 4 (H. Bo.), and No* 29 
(J. Sz.), functional Classes III, IV, IV, respectively, demonstrated ahnormalities 
in their pulmonaiy function studies indicating emphysema in. the remaining 
lung. All of these patients had elevated resting pulmonary artery pressures 
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that increased markedly during mild to moderate excioise. One patient, No. 
17 (0. L.), since the time of the study, has become a Class IV patient. Another 
patient, No. 4 (H. Bo.), has died since the study, presenting a clinical pictuie 
of progressive dyspnea and right heart failure in addition to metastatic disease. 



FUNCTIONAL CLASS III. 



T.L.C. 

V.C. 

R.V. 

M.B.C. 

1 sec V.C. 


Polm.Art.Press. 

Art.02 Sot. 

Poise Rote 
O2 Consumption 
Cardiac Output (L./mrn.) 


2.8 L. 

1.2 L. (34%) 

1.6 L. 

31.0 L./min.(34%) 
71% 


Rest 

Exer. 

38 

56 a 

17(21) 

go(32) 

94% 

95% 

88.0 

II6.0 

206.0 

591.0 

3.2 

6.3 


Fip G—A loentgenoeram of Patient 25 (L B ). a 63-jear-oltl man, taken ISiyG jeara post- 
pneuinonectomj (right) and post-thoracoplastj- (right). Some leer as in Fig 4 



FUNCTIONAL CUSS IV. 


T.L.C. 

5.66 L. 

V.C. 

2.5 L. (75%) 

R.V. 

3.03 L. 

M.B.C. 

32.0 L./min.(43%) 

1 sec V.C. 

46% 


Rest Exer, 

Polm. Art.Press. 

”(48) J^(67) 

Art. 02 Sot. 

96% 90% 

Pulse Rate 

84.0 92.0 


Fig 7.—A roentgenogram of Patient 29 (J S). a 74->eal.oId man taken 7*4 sears pTiC- 
pneiimonectomj (left) Same kcj ns in Fig, 4, 

The third patient. No. 29 (J. Sz ; Fig. 7), uas nearly s r-o.mplete respirr'-C 
eripple, c.xpcrioncing maiked dyspnea at lost. All 3 of patients fo’h'"'>~ 
pncumonectoiny resumed rclativcl.v noimal activity tr-i only later <•’" 
e.xpericncc the onset of progressive dy.spnca leadi-.g - rtrnctional inci’.-T 
The question of whether the emphysema pror-<-<.s m tL ji-"' ~~ 

prior to suigery, or whether pneunioncetomy jw-rT'anr hi “ ’’ ~ ” 
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remaining lung brought about tlie emphysema, cannot be answered from this 
study. Unfortunately preoperative pulmonary function studies of these 
patients were not available. 

Two of the Class I patients, No. 1 (S. D.) and No. 33 (P. were found 
to have markedly elevated pulmonary artery pressures at rest and during 
exercise. Pulmonary function studies in these 2 cases failed to reveal any 
strildng abnormalities. Patient No. 33 (P. W.) was found to have a pulmonai'y 
blood flow during exercise of 5.69 L./]\I.= per minute which may explain much 
of the increased pressure during exercise, but fails to explain the elevated rest¬ 
ing pulmonary artery pressure with a blood flow of 2.64 L./M." per minute. One 
may speculate on the future of Patients No. 7 (S. D.) and No. 33 (P. W.). 
Will the pulmonary hypertension produce changes in the pulmonary vessels 
resulting in, even more marked elevations of imlmonary artery pressures, or 
will future pulmonary function studies reveal a pathologic process in the lung 
parenchyma with the pulmonary h 3 'pertension mpi'esenting the first manifesta¬ 
tion of such a process? 

Patient No. 24, 25 (L. R.) represented one of the few instances in which re¬ 
peat studies have been performed on the same person after first observing pul¬ 
monary hypertension. The first 10 to 11 jmars after his pneumonectomy, this 
patient carnied on almost irnrestiaeted aethdt.y. Progressive dyspnea developed 
and in the IV^-jmar interval between studies he moved from Class II to Class III 
in spite of no significant differences in the pulmonary function studies or car¬ 
diac catheterization findings. In retrospect it is possible that this patient 
should have been classified as Class III in the first study, hut due to the fact 
that he had a stoic personality, was assigned to Class 11. 

Patient No. 20 (J.M.), a Class III patient, represented tlie opposite type of 
problem. On the basis of pulmonaiy function studies and cardiac catheteriza¬ 
tion findings, it might be predicted that he should be in Class I. However, this 
patient was extremely apprehensive and Avas i-elnctant to exert himself phj’^si- 
cally, 6 months after pneumonectomy. Since tlic time of his investigatioir he 
has shoAvn remarkable improvement in his functional capacity. 

In comparing the findings in the group of patients Avho had undergone 
bilateral resection Avith those of the postpneumonectomy patients, it is not 
possible to conclude Avhether the removal of a comparable A'^olume of lung tis¬ 
sue bilaterally is better tolerated than a pneumonectomy. The bilateral re¬ 
section group studied is too small and iiwoNes younger indiAdduals than the 
majority of the postpneumonectomy patients. Nevertheless, the possibility 
exists that some of the adverse effects observed after pneumonectomy could be 
attributed to the deviation of mediastinal structures and thereby to the impair¬ 
ment of Amntilatoiy and eardiocirenlatory function. jMediastinal shift Avas 
absent in the group of patients folloAving extensive bilateral resection. 

SUaiBIABY AND CONCUUSION 

1. Physiologic studies Avere performed on 29 patients 3 weeks to 151/2 jcais 
folloAving pneumonectomy or extensiA'e bilateral pnhnonary resection. 
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2 Results of the studies iveie compaied ivitli the functional capacity of 
each individual 

3 The oldei the patient <it the tune he undeiwcnt pueuinonectomy, the 
11101 e likelj he was to evpenenec a ieduction of functional capacity latei 

4 Reduction oi fniietional capacitj coiielated -Hell with leduotion of 
niaMinuin hieathing capacitj' and iiiaMnium inide\piiatoiy Row, and corre 
lated inieiselj mtli the mciease in icsidual volnine 

5 Conipaiison of the functional eapacitj ivith pulmonary arteiy piessuies 
at lest and dining moderate excicise suggested a diiect lelationship As tlic 
functional incapacitj inoieased, the Icicls of pulmonaij aiteij pressiiie at 
lest and diiiiiig tveieise ucie found nioie eleiated 

6 Reduction of functional capaciti appealed to be moic eloselj lelated to 
the effects of pulmonaij hjpeitcnsioii than alteiations in aitcnal oxygen 
satuiation 

7 Pulmonaii aiteiv piessure-puhiioiiaij blood floiv relationships ui the 
lemaining lung iftcr pneumoiicctomj difteied fiom that of a noimal lung and 
suggested a limitation in the cxpansibiliti of the i aseulai bed 

8 Jlcohanisms of dcielopment of pulmoiiai-y hypei tension ns a late lesult 
of pneunioncctom} aie suggested 
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EFPECT OF SEVERF UNILATERAL HYPOXIA ON THE 
PARTITION OF PULMONARY BLOOD FLOW IN MAN 

A hhmmelstem, M D, P Hams, AID (by invitation),* H W Putts, Ji, 
AID (by iniitation), and A Cotiinand,'Al D, New Yoik, N Y 


W HLN a model ate dcgicc of InpoM.i is induced in eithei animal oi liumaii 
subjects an ele\atioii ol the pulmonaij arteiial piessuie liequentlj oc 
euis Tins piessoi lespoiise appeals to lit caused bj pulnioimj lasotonstiic 
tion, since the Ictt atiial picssiuc is not altcicd and since tht caidmo output 
IS onlj model atclj iiiei eased ’ ” 

Such obsonatioiis led ton Eulci and Liljcstiaiid" to suggest that local 
hjpoMa might plat a lole in contiolling the distiibiitioii of the pulmonaiy 
blood flott The} leasoned that a local i eduction in the altcolai o\}gon 
tension ttould constiict the tcsscls in the alTcetcd men thcieb} ditoiting a 
poition of the hlood can ltd b} these channols thiough tossols in hettei 
aoiatcd paits of the lungs Seteial intestigatois hate tested this h}pothesis 
b} indueing unilateial htpo\ia Although it has been shottn that this stimulus 
eaii change the paitition of the ))uImonai} blood flow m animals,’'’’ thcit 
has been eonflieting etidencc that this lesponse can be elicited in man ” ’ 

In a pictious senes of cxpeiiments in this laboiatoi}, the administiation 
of 10 pel cent o\} gen to one lung in G human subjects had no obstn ible 
cftcct on the paititioii ol the pulmonaij blood flott ’* The pitscnt studt ttas 
undeitaken to iinestigatc the effects of nioic scteio hjpoxia In this studt. 
pel cent oxjgeii was administeied to one lung 


tIETHOD 


The details of the method used to measiuo the hlood flott thiough each lung 
hate been dcsciibed pietioush In biiet, the technique combined light lieait 
catheteiization, bionchospiiometij, and aitciial eaiiiiulation The simultaneous 
use of these thiee detices made it possible to measuic (1) the gas exchange in 
each lung sepaiatelt, (2) the concentiation of oxtgen in the artciial and mixed 
tenons blood, and (3) the piessuies in the pulmoiiait and biachial aiterms 


From the Depirtmonts of Xleaiclne and SurKerj Columbia Unitcrsltj CoIIcec of Pinal 
Clans and Surgeons and the Cardlo Piiltnonarj Liooratop of Ine Pirsi Alollcnl ml Clic«it 
boTMces Columbia Unher^titj Di\I‘tlon UellCMie Hospltil lork N "i 

Read at the Thlrt> eifrhth Annua! Meeting of Tlie Vmerlcan Vs‘?ociat!on foi Thoracic 
Surgery at Boston "Mass Maj 16 18 l‘>*«8 

This in\estij?atlon wa-* siippoitcd 1>> a. research trant (H 2001[C3) from the \ itlonal 
Heart Institute of the National Institutes of Health United states Public Ileiltli Ser\Icc 
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The piotocol consisted of three consecutiie bieathing periods In the liist, 
the Inng fiee of disease bieatlied 25 pei cent oxygen while the opposite lung 
bieathed 21 pei cent oxjgen Piessuies were lecoided at 3 minute inteiials, 
and at the tenth and fifteenth minutes, samples of blood and gas weie eol 
leeted for the calculations of flow 

During the second peiiod, umlateial lijpoxia was induced by substituting 
5 per cent oxjgen for the 21 pei cent oxygen mixtuic Piessures weie le 
eoided eieij 3 minutes, and the aiteiial blood oxyhemoglobin satuiation ivas 
measuied evei} 4 The blood and gas samples used to meastiie flow weie 
collected at the fifteenth and twenty-fifth minutes of lij'poxia 

The thud peiiod was completed in five of the seven studies During this 
peiiod, 21 pel cent oxygen was substituted foi the 5 pet cent oxygen inixtine 
so that final conti ol measiii emonts could be obtained Pi essiii es w ei e i ecoi ded 
at 3 minute inteivals, and at the fifteenth minute the last collections of blood 
and gas w ei e made 

CALCULATIONS 

The total pulmonaiy blood flow was calculated by appl>ing the Pick 
piineiple This entailed div iding the total oxygen uptake bj the aiteiiov enous 
oxjgen diffeience The flow tliiough the lung bieathing the high oxygon mix 
ture was estimated bv the same piiiieiple, but heie it was assumed (1) that 
the satuiation of the blood leaving this lung was 98 pei cent, and (2) that 
its content of oxygen was equal to that calculated fiom the cxpiession shown 
below 

0 98 (0. Capacity -0 5) +0 3 

Finally, the flow thiough the opposite lung was estimated bj subtiacting 
the flow' thiough the high oxygen lung fiom the total pulmonaiy flow 

SUBJECTS 

Two groups of subjects weie studied The fiist included 5 men believed 
to have noimal pidmonarj vessels one (A M) had lecoveied fiom pneu 
monia, one (D H) had shown complete resolution of a lung abscess, and 3 
had been admitted to the hospital foi tieatment of a minimal tubeiciilous 
focus at the apex of one lung 

The second gioup was composed of 2 men who had each undeigone a 
modified right uppei lobeetomv' for bioiiehogenic caicinoma .ippioximatelv 
14 months piioi to the time of the studj In the eouise of the suigerj, the 
pioximal end of the divided light mam stem bionchus had been anastomosed 
to the distal end of the mtcimcdiate bioiiehus, and all of the adjacent tissues, 
including the nerves, had been divided The pulmonaij aiteiy had also been 
stripped of adventitia and the adjacent iicivcs sectioned Hence, only a neive 
supply Ij'ing neai the inteiioi piilmonaij vein could have lemaincd intact 
It was believed, theiefoio that the light middle and lowei lobes were almost 
completely deneivated 
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RESULTS 

The results are presented in Tables I, II, and III. 

In Tables I and II, the initial control values represent an average of tiro 
successive lueasuremeuts. In Table 111, the partition of the ventilation and 
blood flow in the individual control measurements is shown. The measure¬ 
ments made after 15 minutes of unilateral hypoxia arc not recorded in the 
tables since, in several instances, this period proved to be too brief for the 
attainment of a steady state of the gas exchange. 


Table II. Effect op Unilateral HvroxjA on Arterial Blood Oa'vhejioglobin Saturation 
Partition op Total Pulmonary Blood Plow, and Pulmonary Arterial Pres.sure ' 


1 

1 

SUB- 1 
JECT 1 

1 

STATE 

1 

(%) 1 

Qn 

(U/MIN.) 

(L./MTN.) 

1 Qr 

1 

!— 2^100 

1 Qt 

1 (%) 

1 PtTLMONARY ARTE- 
! RIAL PRESSURE 
i (MM. HG) 

S. ) D. I M. 


Gronp I, 

Patients With Minimal Unilateral Lung Disease 



B. m . 

Control 

{10 

2.73 

3.14 

5.87 

53 

23^ 

4* 



Hypoxic 

92 

5.89 

2.92 

8.81 

33 

23* 

4* 


A. ar. 

Control 

96 

3.59 

2.90 

6.49 

45 

20 

9 

25 


HjTioxic 

ST 

4.20 

1.69 

5.89 

29 

22 

11 

16 

D. H. 

Control 

96 

4.75 

3.41 

8.16 

42 





Hypo.xic 

f)4 

7.54 

1.98 

9.52 

21 





Control 

95 

5.38 

3.56 

8.94 

40 




S. L. 

Control 

09 

4.50 

3.06 

7.56 

41 

16 

8 

11 


Hypoxic 

86 

4.20 

3.40 

7.60 

45 

16 

8 

11 


Control 

94 

3.38 

4.39 

7.77 

56 

16 

8 

11 

J. Me. 

Control 

95 

3.49 

6.68 

10.17 

66 

25 

11 

15 


Hjqjoxic 

70 

3.40 

6.37 

9.77 

65 

37 

14 

22 


Control 

91 

2.SS 

5.84 

8.72 

67 

29 

13 

17 


Group 11. Patienis With 

Lohectomy and “Denervated” Lung 



p. n. 

Control 

97 

4.18 

3.71 

7.89 

47 

27 

10 

16 


Hypoxic 

85 

4.35 

3.02 

7,37 

41 

35 

14 

20 


Control 

93 

3.00 

3.15 

6.15 

51 

25 

9 

15 

R. J. 

Control 

97 

2.85 

2.52 

5.37 

47 

28 

16 

21 


Hypoxic 

86 

3.76 

2.61 

6.37 

41 

34 

19 

25 


Control 

97 

3.17 

2.35 

5.52 

43 

28 

IG 

21 


•Pressures I’ecorded from right ventricle. 


In general, the values of ventilation and cardiac output measured during 
the control periods were larger than those usuallj^ found in resting subjects. 
These large values, which were also observed in the previous study,were 
partly attributable to the presence of the bronchospirometry catheter, and 
partly to the dose of atropine given to suppress bronchial secretions. The 
values measured after 25 minutes of hypoxia were also large but satisfied 
the steady-state criteria.® In each of the subjects, both the total oxygen up¬ 
take and the respiratory quotient measured at the end of 25 minutes were 
comparable to those measured before hypoxia was induced. 

In 3 of the subjects in the first group (A. M., D. H., and B. M.) unilateral 
hypoxia reduced the fraction of the total blood flow perfusing tlie^ h3q30xic 
lung. The sequence of events in Subject A. M. is illustrated in Fig. 1. It 
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Table III. Partition op Ventilation ani> Blood Flow Between the Two Lungs During 
THE Control and Hypoxic Periods 


SUBJECT 






EXPOSURE 

Vkj 

STATE 

(MIN.) 

(%) 


Group 1. Patients With Minimal Dnilaieial Lunp Disease 


B. 21. 

Control 

8 

52 

49 


Control 

12 

53 

56 


Hypoxic 

26 

54 

33 

A. 21. 

Control 

12 

44 

44 


Control 

16 

46 

45 


Hypoxic 

27 

46 

29 

D. H. 

Control 

11 

49 

42 


Hj’poxic 

26 

46 

21 


Control 

17 

47 

40 

S. L. 

Control 

17 

47 

41 


Hj'poxic 

25 

48 

45 


Control 

12 

47 

56 

J. 2rc. 

Control 

10 

56 

66 


Control 

16 

55 

66 


lij'poxic • 

28 

57 

65 


Control 

12 

50 

67 


Group II. Patients With Lohectomy and ' 

‘Denervated*^ Lung 


P. H. 

Control 

12 

53 

46 


Control 

16 

53 

47 


Hj'poxic 

26 

50 

41 


Control 

16 

51 

51 

S.J. 

Control 

13 

48 

47 


Control 

20 

48 

48 


Hj-poxic 

30 

50 

41 


Control 

14 

49 

43 


A U 

arterial 
OXYGEN 
SATURATION 
(PER CENT) 


PULMONARY 
ARTERY 
PRESSURE 
(mm Hg) 


total 

BLOOD 

FLOW 

(L/MIN) 

BLOOD FLOW 
THROUGH 
EACH LUNG 
(L/MIN) 



30 - 

20 - 

JO- 

0 - 


nt£i3EIl3 

I 



FJff. J.—Errect of inducing severe unilateral hST^oxIa In Subject A. M. In the bottom 
graph, open circles and solid line Indicate blood flow through the lung hn-athlng the lilgh oxy¬ 
gen mixture; closed circles and dashed line Indicate blood flow through the hypoxic lung. 
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can be seen that the induction of hypoxia pi'odueed a prompt fall in the 
arterial oxyhemoglobin saturation. By the fifth minute of hypoxia, the satu¬ 
ration had reached its lowest level, after which it began to rise. At the end 
of 15 minutes, a change in the partition of flow was apparent, and at the end 
of the twenty-fifth minute, this change was quite pronounced. The sequence 


B.M 


CONTROL I UNILATERAL HYPOXIA 


ARTERIAL 
OXYGEN 
SATURATION 
(PER CENT) 



RIGHT 
VENTRICLE 
PRESSURE 
(mm Hg) 


TOTAL 

BLOOD 

FLOW 

(L/MIN) 


BLOOD FLOW 
THROUGH 
EACH LUNG 
(L/MIN.) 



Fig. 2.—EfCeot of Inducing severe unilateral hypoxia in Subject B. M. In the bottom 
graph, open circles and solid line indicate blood flow through the lung breathing the high oxy¬ 
gen mixture; closed circles and dashed line indicate blood flow through the hypoxic lung. 



■pip. 9 _^Effect of inducing severe unilateral hypoxia in Subject J. Me. 

graph, Sen'circles and solid line indicate blood flow through t^ through ^the"l 
gen mixture: closed circles and dashed Ivne indicate blood flow through the n 


In the bottom 
the high oxy- 
ypoxic lung. 


Of events in Subject D. H. was similar, but that in Subject B. M. was some¬ 
what different and is shown in Fig. 2. From the figure it can be seen that no 
shift in flow was evident at the fifteenth minute of hypoxia, but a s i ap 
peared after 25 minutes had elapsed. 
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The results in Subject S. h. -were inconclusive. After 25 minutes of hy¬ 
poxia, the partition of flow was the same as it had been during the initial 
eontrol period. However, the final control measurement indicated that the 
lung whieh had been hypoxic was carrying an increased fraction of the total 
pulmonary flow. 

The re.sponsc of Subject J. Me. is illustrated in Fig. 3. Following the in¬ 
duction of unilateral hypoxia, the arterial oxyhemoglobin saturation fell to 
70 per cent and remained at this low level. At the same time, piilmonarj’ 
hypertension developed, biit the partition of flow between the lungs remained 
identical to that during the conti’ol periods. 


R j 

ARTERIAL 
OXYGEN 
SATURATION 
IPER CENT) 


PULMONARY 
ARTERY 
PRESSURE 
{mm Hg) 


CONTROL|UNILATERAL HYPOXIA I CONTROL 



total 

BLOOD 

PLOW 

(L/MIN) 



BLOOD PLOW 
THROUGH 
EACH LUNG 
(L/MIN) 



Flff. 4.—Effect of induclnp severe unlatcral liypoxla Jn Subject R. J. who had a denervated 
lung. In the bottom graph, open circles and solid lino indicate blood flow through the lung 
breathing the high oxygen mixture; closed circles and dashed line Indicate blood flow through 
the hypoxic lung. 


In the 2 subjects in tlic second group, the denervated lung breatlied the 
5 per cent oxygen mixture. During hypoxia, the fraction of the total flow 
perfusing thi.s Jung wan .somewhat diminished, ivJiiJe the prc.s.suro in the pul- 
monaiy ai’tery definitely rose (Fig. 4). 


DISCUSSION 

Four points merit emphasis: (A) the limitations of the method, (B) the 
demonstration tliat unilateral hyjmxia may affect tlie partition of the pul¬ 
monary blood flow, (C) the degree of hypoxia ncccssarj- to produce an effect 
on the pulmonary vessels, and (D) the mechanism whereby the effect of 
hypoxia is mediated. 

A. The lAmitaHons of the Mcihod ,—The reliability of the calculated vahic.s 
of blood flow through the individual lungs rests directly on the validity of tlic 
assumption that the oxygen content of the blood leaving the higli oxygen lung 
can be estimated. The reasons for believing that the assumption is valid have 
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been considered in two previous reports.^®-In brief, these reasons are (1) 
that in each case the lung receiving the 25 per cent oxygen mixture was nor¬ 
mal, (2) that on a previous day the administration of 25 per cent oxygen to 
both lungs had produced an arterial blood oxyhemoglobin saturation of at 
least 98 per cent, (o) that in the lung breathing the high oxygen mixture, 
the calculated Paq.^ was approximately 120 mm. Hg, and (4) that in the 
initial control pei'iod, with the bronehospirometry catheter in place, the 
arterial oxyhemoglobin saturation was never lower than 95 per cent. It would 
seem, therefoi’e, that the expression used to calculate content would closely 
estimate the concentration of oxygen in the blood leaving the high oxygen 
lung. 

A second limitation of the method stems from the fact that when the two 
lungs breathe gas mixtures containing different conccntnitions of iiitrogen, 
a diffei'cnce exists between the tension of nitrogen in the mixed venous blood 
and that in the alveolar air. This difference pei’sists regardless of the length 
of time allowed for the attainment of a stead.y state. Thus, in the lung 
breathing the lower concentration of nitrogen, the volume of this gas ex¬ 
pired exceeds that inspired, while in the opposite lung the reverse situation 
obtains. This inequality must necessm'ily affect the calculation of oxygen 
uptake. But theoretical considerations indicate that the effect of this phe¬ 
nomenon introduces an eri’or of the order of only 1 per cent. 

B. The Demonstration That Unilateral Hypoxia May Affect the Partition 
of the Pulmonary Blood Flow. —From Table III it is apparent that the frac¬ 
tions of flow perfusing the low oxygen lung showed close agreement in the 
two measurements made in the initial control period. Hence, the changes in 
this figure produced by imilateral hypoxia in 3 of the subjects suggest that a 
shift in flow away from the hypoxic lung actually occurred. In general, the.se 
changes were smaller and less constant than those observed by Blakemore, 
Carlens, and Bjorkman*® in patients with lung disease. These investigators 
also used a technique involving bronehospirometry, cardiac catheterization, 
and arterial cannulation. However, their method of calculation of partition 
of blood flow involved (1) equilibration of the gas in the hypoxic lung with 
the mixed venous blood, and (2) estimation of the arterial blood oxygen ten¬ 
sion when a high concentration of oxygen (80 per cent) was breathed. Prom 
the published data, it is not possible to determine whether a steady state of the 
respii’ation and circulation was attained. 

In our own studies, it was of interest that although the partition of ventila¬ 
tion between the two lungs was not affected by unilateral hypoxia, the fraction 
of the total carbon dioxide eliminated by the hypoxic lung Avas reduced. Eahn 
and Bahnson^'* previously reported a difference in the alveolar carbon dioxide 
tensions in the two lungs of dogs subjected to unilateral hypoxia. They sug¬ 
gested that the difference might either be due to the Bohr effect, or to the fact 
that unilateral vasoconstriction altered the ventilation-perfusion relationships 
in the lungs. 
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Of partieiilai’ interest was tlie fact that iinilatei'al hypoxia produced a 
cliange in tlio partition of carbon dioxide excretion in the 2 patients witli de- 
nervated lungs, even though in these patients it was questionable whether a 
shift in flow occurred. 


C. The Deyrce of Hypoxia Necessary to Produce an Effect on the Pulmo¬ 
nary Ycsscls .—Several investigatore have demonstrated that the inhalation 
of 12 per cent oxygen by both lungs almost always elicits a pressor response 
in the pulmonai'y artery. Presumably, this response is caused by constriction 
of the pulmonary vascular bed. One might expect, therefore, that the ad- 
mini.stration of 10 per cent oxygen to one lung would cause unilateral pul¬ 
monary vasoconstriction. The foot that it did not'* may be attributable to 
the conditions under which gas is exchanged in the hypoxic lung. 

The following considerations deal with this question. They are based 
on the fact that the alveolar oxygen tension can be roughly calculated by 
fii’St dividing the alveolar carbon dioxide tension by the respiratory quotient, 
and then by subtracting this number from the tension of oxygen in the trachea. 
If we assume that the barometric pressure is 760 mm. Ilg, then the tracheal 
oxygen tension when Iwth lungs breathe 12 per cent ox.vgen is 86 mm. Ilg. If 
we further assume an alveolar carbon dioxide tension of 10 mm. Ilg and a 
respiratory quotient of O.SO, then the alveolar o.xj'gen tension is approximately 
36 mm. Hg in both lungs. 

When 10 per cent o.xygen is breathed, the tension in the trachea is 71 mm. 
Hg. When this mixture is breathed by a single lung, the lung continues to 
expire carbon dioxide although the rate of oxygen uptake substantially falls. 
As a consequence, the respiratory quotient has been found to bo eonsistently 
greater than 1.0, If we assume a value of 1.3, which was the avci'age of the 
values measured in the previous study,'* and if we again assume an alveolar 
carbon dioxide tension of 40 mm. Hg, then the alveolar oxygon ten.sion in the 
hypoxic lung is approximately 41 mm. Hg. In short, when 10 per cent oxy¬ 
gen is inspired unilaterally, the alveolar oxygen tension in the hypoxic lung 
is higher than it would be if 12 per cent oxygen wore being breathed’by both 
lungs. 

Similar calculations made with the data in Table I indicate that the ad¬ 
ministration of 5 per cent o.xygen to one lung reduces the o.X3'gen tension to 
below 35 mm. Hg. Hence, a very low concentration of inspired oxj-gen is 
needed in order to produce an effect in one lung comparable with that pro¬ 
duced when 12 per cent o.xj-gen is breathed bj' both. 


D. The Mechanism Whereby the Effect of Hypoxia Is Mediated .—In earlier 
studies in this laboratoiy, the inhalation of 12 per cent oxygen bj’ both lungs 
elicited a pressor respon.se in the pulmonar.v artery in each of 2 patients who 
had undergone sympathectomj'.®' "* The first patient had had bilateral re¬ 
section of the cervical and upiicr four dorsal sympathetic ganglia; the sec¬ 
ond had had all of the sympathetic ganglia removed. ' The results in these 
2 patients confirm those made earlier in animals," namelv. *Imt tiic^ ,pathelic - 
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ganglia are not essential for the mediation of the hypoxic effect. In the pres- 
ent series, the results obtained in the patients with a denervated lung, 
although not conclusive, seem to .support the concept that the effects of local 
hypoxia are not mediated through the sympathetic nerves. 

Beyond showing that nerves may not be important in Die mediation of 
the response, our data shed no light on the exact mechanism involved. The 
observations made in J. Me., the normal subject, who developed pulmonary 
hypertension uuthout a sliift in flow, suggest that two mechanisms may be 
present. On the one hand, the .shift in flow may be caused by pulmonary 
hypoxia, as a result of a local action not yet clarified. On the other, the rise 
in the pulmonary arterial pressure would seem to indicate that both lungs 
were affected; a response which may be related .somehow to the oxygen ten¬ 
sion in the blood.” 


SUMMARY 

The administration of 5 per cent oxygen to one lung in 5 normal subjects 
reduced the fraction of the total flow perfusing the hypoxic lung in 3. In 
the fourth, the results were inconclusive, and, in the fifth pulmonary hyper¬ 
tension developed with no change in the partition of flow. 

In 2 subjects in whom most of the nerves to one lung had been sectioned, 
unilateral hypoxia raised the pulmonary arterial pressure and produced a 
questionable shift in flow. 

It appears that unilateral hypoxia can affect the partition of the blood 
flo-w between the lungs in human subjects. However, this effect is not in¬ 
variably present and is seen only when the concentration of oxygen in the 
inspired gas mixture is very low. 
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Discussion 

(Papfbs bv Adams [page 352] and Himmflstein [pArt, 369} and Their Associates) 

DR ANDRE COUR^AND, Neu York, N Y—I am greatly honored to have been 
mvjtcd to participate m the program this morning I liave not come to the podium to 
present a paper but, indeed, to pay my tribute to the memory of Dr Evarts Graham 
My associate and close collaborator for more than 17 years, Dr Himmelstein, mil present 
our paper This is due him since the data to be reported and discussed More secured 
to a great extent because of his skill and his thorough knonledge of the several tech 
inques used in combination 

My first encounter with Dr Graham dates back to 1^37, on the occasion of the 
meeting of this Association held at Saranac Lake On the program there were four 
papers dealing with the application of physiological tests to problems of thoracic surgery 
If I recall correctlv, our own presentation met with little enthusiasm, probably not so 
much because the subject was novel, but because of the accent of the speakerl During 
the meeting I had been impressed by the admirably controlled and self possessed appear 
ance of one of the members of the Association When he came to toll me that he was 
much interested in the content of my paper, I felt somewhat loss distressed by the 
apparent lack of enthusiasm of the audience Several years later, Dr Graham repeated 
this kindly gesture when, in collaboration with Dr Frank Berrv, I presented at one of 
our meetings the results of our studies in patients before and after pneuniontctomy His 
remarks can be found in the discussion published in the JoirsaD of Thoracic SuncEra 
On a third occasion, Dr Graham gave me an even '»rf*^^^preeiou3 evi 

dence of his syonpathy In a way this was probablv an j 

feeling toward Frenchmen whom he had learned to like W 
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lad written him a letter of recommendation on hehalf of Dr. Andre Germain, a Fellow of 
the French Cultural Service, who was .sent to the United States to be trained as a thoracic 
surgeon. Within a week not only had I received a favorable answer but my protege was 
starting to work as an assistant resident on the world-renowned surgical service at Barnes 
Hospital. This was a great privilege and opportunity for him. For me, the excliange of 
letters, and the rapid and favorable decision, was proof that Dr. Graliam, like other great 
men, was not bound by precedents or bj’ conformitj' to strict rules. 

DR. PAUL NEMIR, Jr., Philadelphia, Pa.—I wish to congratulate Dr. Adams and 
his associates on this excellent presentation. Studies such as these are important and will, 
I think, contribute equally as much in our efforts to improve long-term survival statistics 
as will the significant studies relating to blood vessel and lymph node invasion, and the 
studies reported by Dr. hleade. 

Dr. Meade stated that in 32 per cent of the autopsies studied there was no evidence 
of recurrence. Undoubtedly a large number of the failures to survive for appreciable 
periods of time was due to the fact that pulmonary insutficieney occurred following the 
resectional therapy. This has certainly been true in an anah’sis of our own series of 
eases. 

If it were possible by more accurate preoperative pulmonary function studies to 
delineate and exclude this group of patients, then we could expect better survival rates 
following resection. 

While it is true that withholding operation from the patient with precarious pulmo- 
n&ry function is not going to prolong his survival, at least he will be spared the distress¬ 
ing situation of being a pulmonary cripple. 

We have continued our studies of pulinonarj' function, utilizing the method of uni¬ 
lateral pulmonarj'' artery occlusion reported before the Association 2 years ago. Our 
findings are in agreement with those reported by Dr. Adams. An elevated resting pul¬ 
monary artery pressure or a sustained increment following balloon occlusion of the uni¬ 
lateral pulmonary artery has been almost uniformly of grave prognostic significance. 

We have found that small increments of the order of 6 to 8 mm. Hg following oc¬ 
clusion are of great significance. Since the average age of the patients we have studied 
has been 61 years, the control resting pulmonary artery pressures have been at the very 
upper limits of normal. Small increments could therefore be reasonabl}' expected to have 
greater significance. I would like to ask Dr. Adams the magnitude of the elevations they 
have noted. 

A second measurement which we have found to be important is the wedge pres¬ 
sure. Elevations of this pressure may also be correlated with a poor prognosis. 

While it is true that these detailed studies may not be routinely performed, the 
knowledge we are gaining from them will allow for more accurate preoperative evalua¬ 
tion of the patient undergoing pulmonary resection, and I am sure that more simple 
methods for obtaining similar information will soon be available. 

DR. WILLIAM S. BLAKEMORE, Philadelphia, Pa.—It is a fitting tribute to Dr. 
Graham to have a presentation of physiologic studies in this morning’s program. One of 
Dr. Graham’s earliest contributions was in the field of pulmonary physiology. The work 
which Dr Himmelstein has presented is especially significant in corroborating the findings 
in man that were previously shown in animals. Several years ago Dr. Bjorkman, Dr. 
Carlens, and I performed similar studies in man, with one lung rebreathing a mixture 
of about 6 to 7 per cent oxygen and 5 per cent carbon dioxide and the other lung re¬ 
breathing a mixture of 50 to 80 per cent oxygen and less than 0.3 per cent carbon dioxide. 
We found that differences in o.xTgen and/or carbon dio.xide concentrations in the inspired 
gas had an effect upon pulmonary blood flow. Our method differed from the method used 
bj' these investigators and we were disappointed that Fishman and us group i no 
find a change using 10 per cent oxygen in the since the met lod use 
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these studies should prOMde greater accuracy Now, however, thej ha\o todaj reported 
changes in blood flow wuth lower than 10 per cent oxjgen in the hjpoxic lung Since 
e\en the'^e methods of calculating the blood flow through each lung are likel> to ha\e a 
high per cent of error, additional studies using more direct methods, i e, Forster’s 
acetjlene method for measuring the pulmonary blood flow, should bo tried to re e\aluate 
the effects of different concentrations of carbon dioxide and oxygen, to determine the 
critical concentrations of these substances necessarj to produce changes in distribution 
of the pulmonarj blood flow, and to deteimine the receptors and mechanism that mediates 
these changes in the lung 

DR ADAJfS (Closing)—wish to thank the discussers for their constructive con 
tnbutions to our paper The problem of reduced pulmonarj reser^e, espeeialh witli the 
de\elopment of pulmonarj h^ pertension, continues to increase in frequenej with the 
increase in life expectanc^ Although much has been learned about the nature of this 
problem, methods of mnnagemont are still far from adequate Although I have been 
asked to present this paper, the major portion of the in\estigati\e work has been earned 
out bi other authors on the paper 



SURGICAL TREATMENT OF "ATYPICAL” PATENT 
DUCTUS ARTERIOSUS 
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(by invitation), Anthony R. Curreri, M.D., and 
Joseph W. Gale, M.D,, Madison, Wis. 

T he use of cardiac catheterization has frequeiitly established the presence 
of patent ductus arteriosus in the absence of the usual physical signs. 
These patent ductus are usually associated with pulmonary hypertension. 
The term “atypical” patent ductus arteriosus has come to imply the pi’esence 
of associated pulmonary hypertension. The advisability of closing a patent 
ductus when the pulmonary artery pressure approaches or equals the pres¬ 
sure in the aorta has been questioned on the basis of the high operative 
mortality.^’ A number of successful results, however, have been re¬ 

ported by these and other authors.®’ 

On the other hand, closure of the uncomplicated patent ductus is safe 
and unquestionably indicated.® At the University Hospitals, patients with 
the typical finding of patent ductus arteriosus are corrected without cardiac 
catheterization or other special diagnostic procedures. In 163 uncomplicated 
cases in which there was ligation or dhdsion, there were 2 deaths and 2 recur¬ 
rences. There were no other significant complications. Among the early 
eases in 1940 and 1941, there were 4 ligations carried out in the presence of 
subacute bacterial endarteritis. Two of these patients died and account for 
the deaths in the series of typical eases. One of the recurrences followed 
ligation with umbilical tape, and it is felt that the tie was not drawn com¬ 
pletely tight. The second recurrence followed closure of the ductus with 
nonabsorbable ties and suture ligatures without dividing the ductus. It is 
noAv routine to divide all patent ductus. 

It is the purpose of this paper to report surgical experience with a group 
of 28 patients who had patent ductus with varying degrees of pulmonary 
hypertension. These patients were considered preoperatively to have a patent 
ductus arteriosus as the only anatomic lesion. Later, 3 were shown to have 
concomitant congenital heart defects, and a fourth patient is suspected of 
ha^dng an additional defect. The accompanying table lists the preoperative 
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catheterization pressure in the pulmonary arterj' and aorta, pressures in the 
pulmonary artery and aorta taken at the time of surgery before and during 
temporary occlusion of the ductus, postoperative catheterization data, and 
available follow-up data. All but 1 patient had preoperative cardiac catheter¬ 
ization studies. The exception was a 3-month-old baby in whom a large 
patent ductus arteriosus was demonstrated by angiocardiogram. The cardiac 
catheter was passed through the ductus into the aorta in all but 2 patients, 
and in those 2 patients the systemic pressure was recorded from the femoral 
artery. Technical difficulties made some of the pressures recorded at the 
time of surgery unsatisfactory. For 5 of the cases, simplified pressure meas¬ 
urements mthout accurate calibration were carried out which showed only 
relative pressure changes. In each of these instances the systolic pressure 
increased in the aorta and decreased in the pulmonary artery with temporary 
occlusion of the patent ductus arteriosus. Postoperative catheterization pres¬ 
sures are given for S patients, the catheterization having been carried out 
from 7 to 14 months after surgery. 


1 . Hs. 



Fie. 1-—Optical recording of pressures in the aorta and pulmonaq^ artery at surgery 
before, during, and after temporary occlusion of the patent ductus arteriosus. (Case 2C, 
12-year-old girl who had had intermittent bidirectional shunt through the ductus ) This 
response to temporary occlusion is very favorable. It established that the bidirectional shunt 
was predominantly left-to-rlght and also that there was a significant shunt so that the patient's 
hemodynamics will be Improved by dividing the ductu*?. 

Tiie response in the pres.sure.s in the pulmonary arteiy and aorta during 
temporary occlusion at time of surgery appears to be very significant as far 
as the patient’s prognosis is concerned. Fig. 1 shows a very favorable re¬ 
sponse to temporary occlusion. These arc pressure traeing.s recorded in a 
12-year-old girl who liad had intermittent bidirectional shunt through the 
ductus. This response to temporary occlusion confirmed the catheterization 
data whicli indicated tliat the bidirectional shunt was predominantly lefl- 
to-right. It also established that the shunt was of significant volume so that 
the patient’s iiemodynamics could be improved by dividing the ductus. Vary¬ 
ing the concentration of oxygen in the anesthetic mixture did not affect these 
prc.ssurc.s hut probably would liavc if observation had been continued over 
a long period.- 

Fig. 2 shows pressures similarly recorded in Case 5 wiio is now sus¬ 
pected of having an interventricular septal defect. Such a lack of response 
to occlusion of the ductus is considered an unfavorable sign in the nresence 
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of a ductus of significant size. The lack of response indicates the shunt 
thi'ough tlie ductus is not .supporting the pulmonary hypertension and that 
the elevation of pulmonary artery pressure is due to an increase in pulmonary 
vascular resistance or another more significant shunt. 'When there was iio 
pressure response to closure of a patent ductus, the prognosis in this series 
was poor. Three of 4 such patients died in the postoperative period. Tliere 
was only one death among the other 24 ])atients who had a favorable pressure 
change with temporary occlusion of the ductus. The pressure res])onses do 
not need to be as marked as shown in Fig. 1 to be a favorable prognostic sign. 

Another cardiovascular defect was found later in 3 of 4 patients who had 
no pressure change with temporaiy occlusion in the ductus. Pour othei' 
patients not included in this series had patent ductus arteriosus and known 
septal defects. Systemic and pulmonary arterj- ]>re.ssures were recorded while 
the ductus were being closed and no significant change occurred in the pres¬ 
sures. Considerable change, however, did take place with the closure of the 
septal defects. Adding these cases to the preceding group gives a total of 
S eases in which there was no pressure resi)onse to occlusion of the ductus. 



Figr. 2.—Optical recordings of pressures in tl>e aorta and pulmonary artery at surgery 
before, during, and after teniporarj' occlusion of tlie patent ductus arteriosus. Occlusion waa 
established and released at the first and second bicaks In the heavy line, re.'ipectively. (Case 
5, 7-month-old boy.) This lack of response to occlusion is an unfavorable sign and Incllcates 
that the shunt thiough the ductus is not supporting the pulmonary hypertension. In this 
case it is suspected that there Is a ventricular septal defect. 


In 7 of tliesG 8 instances, there were additional cardiac defects. The lack 
of pressure changes on temporary occlusion of the ductus may also he due 
to a balance between the systemic and pulmonary resistances but at least 
on theoretical grounds should be found only when the preocclusion pressures 
are equal in the pulmonary artery and aorta. 

Many authors have described the elianges in tlie pnhnonai'y arteries 
Edwards,^ Smith,and Cosh^ have good discussions on the subject and ii 
will not be discussed here except to sa^' that in the presence of pulmonary 
lOTertension the walls of imiseular arteries are frequently found to be 
thickened with encroachment upon the lumen. There is reason to believe tb«it 
in some instances there is persi.stence of the fetal pattern of blood vessels 
and in other instances the changes in the vessels are acquired-as a result 
of a long-standing pulmonary liypei*tension. 
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TECHNIQUE OF CLOSURE 

In the technique of closing a joatent ductus in the presence of pulmonai'y 
hypertension, one miTst be very conscious of the greater hazard of serious 
bleeding from a tear in the pulmonary artery. It is considered essential that 
the short wide ductus that have associated pulmonary hypertension be divided. 
Pig. 3 illustrates the technique that Avas used in closing many of these ductus. 
The aorta is dissected out above and below the ductus and umbilical tapes 
are passed about the aorta at these sites. The aorta is completely inobilized 
in the vicinity of the ductus and mobilization of the ductus is completed by 
dissecting medial to the aorta and ductus as sixggested by Jones.® A moderate 
degree of hypothermia has been a routine for surgery for patent ductus since 
it was suggested by Ellis and his associates.® The patients were cooled to 
92° to 95° P. These two procedures provide the opportunity to cross-clamp 
the aorta if necessary. The Potts-Smith clamp® is frequently used Avhen there 



Fig. 3.—The aorta is mobilized adjacent to the ductus and tapes are passed around the 
aorta above and below the ductus. Tlie vagps and recurrent nerves are carried toward the 
pericardium with the dissection. A Potts-Smith aortic clamp is frequently used so that the 
ductus may be divided flush with the aorta, permitting suturing of the ductus rather than 
the pulmonary artery in the presence of pulmonary hypertension. 

is pulmonary hypei'tension or the ductus is short and wide. In such a situa¬ 
tion the ductus itself is allowed to remain with the pulmonary artery to 
facilitate its closure—^the ductus being divided flush Avith the aorta. A tear 
in the pulmonai’y artery is more difficult to control than a defect in the wall 
of the aorta when the aorta is mobilized. Controlled hypotension’^ Avith the 
use of trimethaphan eamphorsulfonate (Arfonad) or the cross-clamping^ of 
the aorta® proximal to the ductus has been used to facilitate the application 
of clamps. Although the longitudinal suture line in the aorta, made necessary 
by the use of the Potts-Smith clamp, may be^ less desirable than the trans¬ 
verse suture line, there has been no trouble with healing of the longitudinal 
line and no patients haAm been lost due to technical difficulties. 

Enlargement of the heart, pulmonary artery, and aorta may reduce the 
operating space about the ductus and require the employment of many of 
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the possible safe-guards, such as hypothermia, cross-clamping the aorta, con¬ 
trolled hypotension, Potts-Smith clamps, placing mattress sutures before 
cutting through the ductus, and dividing and suturing the ductus in stages. 

The data in Case 10, shown in Table I, are of unusual interest. This 
patient, whose proved patent ductus had been divided 7 years earlier, 
presented himself again and on cardiac cathcteiization was found to have 
an aorticopulmonary window with pulmonary hypertension. This window 
is included with the atypical patent dnetus hcoause of the identical he¬ 
modynamics With a pump-oxygenator ready, a bilateral anteiior thoracot¬ 
omy was, made The site of the pievions dnetus division was dissected out 



PlET 4 


Pis 


FiS 4.—-Vn aorticopulmontirj window is present “''jacent to the tenUicles Tin site 
of the windoh can bo soon just apote the proximal tape around the aorta The o^rlcln of ^ 
pulmonarj artery nia> be seen as the \entricular musculature is retracted with tlie instiuniont 
(Case 10) There was moderate pulmonarj hjpeitension i , » 

F,r 5-AorticopuImonai} jNlndou has been <l*'Wed and 
Sion ^^as maintained tMth Arfonad during- the application of clamps and the suturing. A 
pump-oxjgenator had been prepared but ''as not uscu 


and no recuirence found. Fig -1 shows tlie aotticopulmoim.y window wJiich 
measured 20 mm. in diameter and was just far enough above the vcntncics 
so that it could he divided and sutured as one divides a ductus. Conti oiled 
hypotension was used to facilitate the application of clamps and suturing. 
The pump-oxygenator was not used. Fig. 3 shows the suUue defects in the 
aorta and pulmonary arterj^ after the commun.eation had been divided. 


RESULTS 

If the data on Tabic I summarised, it is found ’ * n patients, 

had favorable pressure changes to tempoiaiy c „ i » 
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CONCLUSIONS 

The (^agnosis of patent ductus arteriosus in the presence of pulmonary 
hypertension is more difficult than in the absence of pulmonary hypertension. 
Cardiac catheterization is probably necessary to make the diagnosis and even 
then the demonstration of the patent ductus arteriosus may not establish that 
the ductus is the significant lesion. 

While uncomplicated patent ductus may be closed with almost certain 
good results, the closure of patent ductus in the presence of pulmonary hyper¬ 
tension carried a higher potential mortalit}’’ and less prospects of establish¬ 
ing normality. Surgery is much more urgently needed in the presence of 
pulmonaiy hj^Dcrtension because of the probability of progressive changes in 
the pulmonary vascular system. 

The pressure changes on temporaiy occlusion of the ductus merely indi¬ 
cate hemodynamic significance of the ductus. The presence of a significant 
left-to-right shunt would be signalled by a favoj-able response, and the pres¬ 
ence of an insignificant shunt by no respojise. A predominantly right-to-left 
shunt would cause a rise in the pulmonaiy artery 23ressure on temporary oc¬ 
clusion of the ductus. 
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Biscussion 

DR HARRIS B SHUMAGKER, Jp , Indianapolis, Ind —I think the subject which 
Dr Gale has introduced is \erj timel>, since a pessimistic attitude still exists concern 
ing the surgical possibilities for patients who ha\e pulmonarj hjpertension associated 
with patent ductus arteriosus As in the case in his experience, we too do not know 
how many of our patients have had pu1monar> hjpertension, for in the earlier da\s not 
onlv were patients vith tjpical signs of patent ductus not subjected to preoperati\e 
catheterization, but pressures nere also not determined at operation "We have, however, 
had experience witli the treatment of 50 patients who had proved hypertension of some 
degree 

Of these, 19 had mild pulmonary hypertension, mth pulmonarv artery pressures of 
less than 50 mm Hg systolic In this group there was one death, an unfortunate cardiac 
arrest occurring during bronchoscopy carried out postoperatn elv because of the presence 
of atelectasis That patients i\ith mild pulmonary hypertension ma\ have a lesion, which 
IS by no means innocuous, is illustrated by the first slide which shows the ier\ common 
occurrence of marked cardiomegaly 

In this group of 50 patients, there weie 9 in whom the systolic pressure in the pul 
raonarv artery varied between 50 and 60 Tliose patients all did well 

Tliere remains then a group of 22 patients in whom the pressure was svstemic in 
the pulmonary circuit, or nearly so, patients in whom the pulmonary arterv pressure was 
in excess of SO ram Hg, or 80 per cent of the systemic in coses lu which the systemic 
pressure was in a hypotensive range Unfortunately, wc are unable to state how many 
of them had reversal of flow or the extent of reversal of flow in any given case We do 
know, liowever, that many of them had systemic pressure in the pulmonary artery and 
that, in at least 2, the flow was predominantly from the pulmonary artery to aorta In 
1 case this was evident from the clubbing of the fingers of the left hand and both feet, 
and in another instance predominant reversal of flow was demonstrated by angiocardi 
ography with injection of dye into the pulmonary artery segment Both these patients 
did well Incidentally, both had a slight drop in pulmonary artery pressure on clamp 
ing the ductus, and no decrease in the aortic pressure In this group of 22 patients with 
marked pulmonary hypertension there were two deaths One was duo to a technical error, 
the only one in the entire group The other occurred in a patient with svstcmic pressure 
in the pulmonary artery, who was apparentlv making an uneventful recoverv after divi 
sion of the ductus when she died suddenly on the fourth dav of a cause which could not 
be explained on clinical grounds or from post mortem sludv 

In this group of 50 patients there were 2 who had an unusual difKculty which I would 
like to illustrate with tins slide These patients do not have marked cardiomegah but 
instead have only moderate cardiac enlargement TJiey have a large mam pulmonarv 
artery segment with some enlargement of the proximal portions of the right and left 
pulmonary arteries, but without significant enlargement of the peripheral branches of 
the pulmonary arteries Apparently m this group, in contrast to the usual case, the 
normal fetal pulmonary resistance persists from the time of birth The onlv two deaths 
in this group of 22 with marked pulmonary hypertension were cases of this sort, tlie onlv 
two of this kind we have treated surgically Perhaps this group mav prove a more difli 
cult problem than the other in which we assume that pulmonary vascular sclerosis gradu 
ally develops as the result of increa'scd flow through tlic pulmonary circuit 

We too have felt, particularly since the one tragic operative death to which I 
referred, that every effort should be made to gain control of the parent vessels in oper 
ating on a patent ductus, and we use the illustrated technique in all cases, no matter 
how simple, isolating the aorta above and below the ductus and, whenever the ductus is 
large and pulmonary hypertension exists, dividing the ductus in stages, suturing both sides 
as the division is completed 

I do not know whether in coses of very longstanding patent ductus with reversal 
of flow, the patient will subsequently undergo improvement in the p>’ ry ^ ' 
sclerosis, but I do know that this does occur in some children It 
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that no patient should be considered categorically inoperable because of evidence of 
systemic pressure in the pulmonary circuit nor reversal of flow. It would be my feeling 
that any such patient should be e.vplored. At operation a favorable pressure response may 
be demonstrated, as occurred in some of our patients and, if not, I would certainly be 
in favor of providing the patient with a smaller shunt and taking down the larger natural 
one, a mechanism of handling the problem which Dr. Muller and Dr. Kattus suggested 
some years ago. 


J. POTTS, Chicago, Ill.—^In keeping with the President’s address 
which included some reference to word derivations, I would like to say something about 
the word "ductus.” The plural of ductus is ductus. Those of you who were exposed 
to Latin will remember the fourth declension—the kej' word in my book was fructus. 
Ductus belongs in the same categorj- and we properly speak of one ductus or a hundred 
ductus. It sounds a bit unfamiliar but that’s the waj' it is to those who take their Latin 
seriously. 

Pulmonary hypertension as a complication of patent ductus is a serious problem. 
Our experience parallels that of the speaker. Interestingly enough, if at operation the 
pulmonary pressure drops a little, as much as 10 mm. Hg, when the ductus is clamped, 
the child will do well after division and suture. On the contrary, if pulmonary pressure 
goes up as much as 10 mm. Hg when the ductus is clamped, results after division and 
suture will be bad. 

We have operated upon a number of children with increased pulmonary pressure 
but in only 5 did the pressure go up in the pulmonar}’ artery when the ductus was clamped. 
The ages of these children varied from 4 to 12 years. Knowing that the future of a child 
with severe hj'pertension is rather hopeless we divided the ductus in all 5 patients. Our 
hopes that reversal of pressure might occur because of the age of our patients were not 
realized. Two died suddenly, one G months, the other 2 years after surgery. Two are 
cardiac cripples in and out of decompensation and constantly on digitalis. The fifth 
child, aged 12 j-ears, had equal systemic and pulmonary pressure and died on the oper¬ 
ating table of hemorrhage. The pulmonary artery was 2.5 inches—not centimeters—in 
diameter, the ductus approximately 15 mm. in diameter. I put a clamp on the ductus 
and shortly thereafter the pulmonary artery ruptured. That was a mistake. What I 
should have done was exactly what was suggested today—an aortic clamp (Potts-Smith) 
should have been placed around the aorta to occlude the aortic end of the ductus close 
to the aortic wall. A ductus clamp then could have been placed on the pulmonary end 
of the ductus without causing tension and rupture. We pay so dearly for our mistakes. 

Incidentally, this has been our only operative or hospital death in 495 cases of 
surgical occlusion of patent ductus. "When a discussion of mortality comes up I note 
in the surgical staff an ill-concealed look of satisfaction that this lone catastrophe should 
have happened to me. 


DR. YOUNG (Closing ).—I want to thank Dr. Shumacker and Dr. Potts for their 
remarks. We have felt that the patients who died after their ductus were closed, and 
they had no change in pressures on occlusion of their ductus, died because the lesions 
corrected were not liemodj'namically significant. Two of these patients had septal de¬ 
fects in addition to the ductus. The significant lesions probably were left uncorrected. 

Our catheterization laboratory has found only 1 patient with patent ductus arterio¬ 


sus and a marked reversal of flow. She was not subjected to surgery. 

This slide shows an indicator dilution curve with evidence of a right-to-left shunt. 
The interrupted slope of the initial deflection in the cuvette recording from the femoral 


artery is due to the right-to-left shunt. 

With control of polycythemia, and then repeating 
more patients might be benefited by closure of the ductus, 
right-to-left shunts prior to control of the polycythemia. 


cardiac catheterization, a few 
when they had predominantly 



ANEURYSMS OF THE THORACIC AORTA 


Analysis of 179 Patients Treated by Resection 

Aiichael E DeBakey, Af D , Denton A Cooley, Al D, E Stanley Ctawfoid, 

Al D (by invitation), and Geotge C Alotiis, ]i , AID (by invitation), 
Houston, Te>.as 

D uking the 7 jeai peiiod smee oiu first successful lesection of an anemjsni 
of the thoracic aorta, this method of therapi has been employed in 179 
cases This report is coneeined ivith certain obscnations deined fiom an 
analysis of this experience, paiticulailj in relation to methods of resection 
and to factors beaiing upon risk of opciation Although the iindeilying pun 
ciple of therapy consisting essentially in excision of the aneuiysm is similai 
for all oases, the method of its application laiios in aceoidance with the tjpe 
and location of the lesion Accoidingly, the cases aie classified into foiii cate 
goiies, namely, aneuiysms of the descending thoincic aoita, aneuiysms of the 
aoitio aioh, thoracoabdominal aneuiysms, and dissecting aiieurjsms 

ANEURYSIIS OP THE DESCENDING THORACIC lORTl 

This gioiip, compiising 73 cases, lepreseiits the laigcst in the seiios and 
reflects the relative frequency of imohement of this segment of thoracic 
aorta The great majority of these aiicuijsms uoie fusifoim in charactci, 
varying in size fiom iclatnelj small, ivell localized lesions to laige, extensive 
aneurysms that involved viitually the entire descending thoiaeic aoita (Tigs 
1 and 2) Then site of involvement was also vaiiable, altliough appioximatelj 
90 pel cent vveie located in the pioximal poition of the descending thoiauc 
aorta Contiaiy to eailiei lepoits that syphiUs is the most common etiological 
factor for aneuosms of the thoiaeic aoita, m this senes arteiioscleiosis was 
the most common cause and syphilis was second in fiequenej, the lesiieetive 
incidences being 47 per cent and 32 pei cent (Table I) 

The age of these patients langed fiom 10 months to 70 yeais, but most 
of them, 83 per cent, weie in the fifth to seventh decades The male sex was 
predominant in a ratio of about 3 to 1 

Prom the Cora and Webb Madlns Department of Surserj Bajlor Uniiersltj CoIIese of 
ATedlclne and the surgjcal services of the Jefferson Da%l8 Methodist and Veterans Vdmlnlstra 
tion Hospitals Houston Texas 

Supported In part by the U S Public Health Service under Grant H 3137 and bj the 
Houston Heart Association 

Read at the Thlrt> elirhth Annual Tdeetlne of The American Association for Thoracic 
Surgery at Boston Mass May 16 18 1358 
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In the application of excisional therapy for aneurysms located in this 
portion of the aorta, the most important consideration stems from the neces¬ 
sity for temporal y arrest of aortic cirenlatioii through the segment to be re¬ 
sected and the consequent effect of increased vascular resistance upon the 



Fig 1 —A, Roenteenogiam ot chest showing rounded shadow outlined by peripheral 
'f calciftcation, projecting into left lung field from inid-mediastinal region representing trail 
natic aneurysm of proximal segment of descending thoracic aorta Tlie esophagus wliicn 
lemonstrated by swallowed barium is displaced to right by aneurjsm. 

B, Angiocardiogram of same patient showing Jirecise location and extent of aneurjstn 
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heait and liehcmic damage ni)on the siniuil coid Accoidinglj, eoutiol of 
t)icse faotots, and paiticnlailj pie\ention of spinal coid damage, assumes con 
sidciable sigmficanee This iii.ij he achieicd l)i soieial iiietliods, including 
hypotheimia mIucIi in oiii eailj cxpciicnee was the piimaiy means used foi 



I'ih 1—ConttJ C P}iotof?rapli of pitlent male it opentlon ‘tliowinir clianctt 

ero'.s appearance of traumatic fusiform ancurjsm of proxhn il pirtlon of rloscendlni? thoracic 
aorta follos%lng Us mobUi/ailon from surrovmiln;, strucuues x\Uh umbilical tajes cncirclmpc 
aorta above (at rmht) anti below aneurism 

D Photogriph In suiie patient made «t opcrxtlon showing completed replacement of tc 
sectcil segment of aorta and aneurjam avitli knitted crinipetl Dacion graft 


Table I Tlsuofm Anlui\sms of DbSCFMUNr Uiiofarit Voptv 

MOPTATITV UCOinINt TO UlOLOfl 


ETIOLOGY 

NO CiVsrs 

NO t tSEt; 

DEATHS 

1 PEP CENT 

‘Vrtcnosclcrosis 

34 

12 

35 

S\ pRvRs 

23 

4 

37 

Trauma 


0 

0 

Undctermiiitd 


1 

14 __ 


Total 


73 


17 
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this purpose. Although in general, hypothermia was found to he effective in 
preventing neurological sequelae, it was associated with certain well-recog¬ 
nized disadvantages indicating the need for a better method. This led to 
the development of the method of controlled extracorporeal circulation con¬ 
sisting essentially in the use of a pump-bypass in which oxygenated blood is 



A. 



B. 


Fig. 2.—A, Roentgenogram of 'repre^ntlng^exteLl^^irt^r^^^^ 

.< 5 ha<tow projectimr from mediastinum into left lung nem, repi 

fusiform aneurysm Involving virtually entire descending th , . , , distal to left sub- 

B, Angiocardiogram in s&me patient uortion^'of descending thoracic aorta with 

clavian artery and extending down to involve distal portion ot aescenu b 

pronounced elongation and kinking of aorta. 





D 

Fig:. 2—Cont’d C, Photogrrnph of siRlttal section of specimen remove,! at operatjon In 
same case shovvinff pro""? pathologic features of arteriosclerotic fuoliorm nnetjr>«m Specimen 
Is shown In two parts because its removal at operation was fneiUtated b\ ({hiding it in tills 
manner. ^ 

D, Photograph made at operation In same p-itlrnt showing completed rer* ,, ,t of ^ 
sected segment of aorta and aneiirjsm with Dacron graft (prt • ’ •»« to 
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removed from the left aiTriele and pnmpecl into the aorta distal to the oc- 
e uding clamps through a plastic caiinula inserted upward into the left 
femoral artery^ (Fig. 3). Immediately before insertion of these cannulas, 
hepann^ (1.0 mg./Kg. body weight) is administered intravenously and, after 
completing the procedure of resection and graft replacement, a counteracting 
dose of protamine sulfate is administered. During the period of occlusion 
the rate of flow^ is adjusted from time to time to maintain blood pressure in 
the aim approximately 10 to 20 mm. Hg above normal systolic pressure. In 



Fig-. 3.—Drawing illustrating operative procedure of resection of fusiform aneurysm of 
de^cendmg thoracic aorta using method of controlled extracorporeal circulation to combat 
ischemic effects of temporary arrest of aortic circulation during performance of procedure. 
O.wgenated blood is removed from left auricle by means of plastic catheter inserted through 
appendage and pumped into distal aorta through catheter inserted into left common femoral 
artery. 


general it was found that oii this basis flow rates ranging from about 1,200 to 
2,500 c.c. per minute -were provided. 'While optimum rates of flow have not 
been well established, our studies on renal function would suggest that it is 
desirable to iirovide sufficient volume of flow in the distal aortic segment to 
maiutain pressure at or above 32 mm. Hg, since demonstrable renal function 
disappears below this level.^'* Snch levels of jn'essure may be obtained in 
most instances by flow rates above 20 c.c. per kilogram of body weight. 

This method was found to be more satisfactory than those previously 
employed and for this reason it has been applied in the last 36 cases in this 
series. This eonffiction is supported by a comparison of the results obtained 
in this group of cases Avith those in the earlier series of 37 eases in Avhich other 
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methods, including hypothermia, were employed. Thus, the mortality was 
reduced from 27 per cent in the earlier series of 37 cases to 19 per cent in 
the more recent scries of 36 cases. In both series of cases, however, tlierc were 
2 patients in whom some manifestations of .spinal cord damage occurred. 
The occurrence of the neurological disturbances in these 4 patients remains 
a rather puzzling phenomenon. This is particularly true for the 2 patients 
in the more recent series since the extent of segment resected, the period of 
occlusion, and the pump bypass flow rates were not significantly different 
from the other cases in which no neurological disturbances occurred. To add 
further to the difficulty of explaining this phenomenon is the fact that no 
such neurological disturbances occurred in 1 patient in this group in whom 
resection and graft replacement was performed for a fusiform aneurysm of 
the proximal segment of the descending aorta under normothermic conditions 
and without pump-bypass. In this ease, the aneui-ysm ruptured during the 
initial dissection and it became urgently necessary to applj' occluding clamps 
to the aorta proximal and distal to the aneurysm. Despite the fact that the 
aorta was occluded at this high level for 32 minutes, the patient recovered 
without any neurological disturbances. It would, thus, appear that con- 
.siderable variations exist in tolerance of the spinal eord to temporary aortic 
occlusion and that a number of factors play a role in this phenomenon, in¬ 
eluding variations in the anatomic pattern and segmental distribution of 
spinal arteries, development of eollateral circulation, ns well as measures to 
combat temporary interruption of blood supply to the cord. 

Results of excisional therapy for this type of aortic aneurysm have been 
increasingly gratifying as exemplified by the progressive decrease in operative 
mortality rate from 27 per cent in our early exporieneo to 19 per cent in our 
most recent experience. This observation lends support to the convietion 
that improvements in the surgical management of these patients, ns well as 
in the actual technical performance of the operation derived from increasing 
experience, should permit further reduction in the risk. The significance of 
certain factors in relation to the mortality is illustrated by further analysis 
of our experience. Among these factors, advancing age, etiology, hyperten¬ 
sion, and pre-existing heart disease are particularly significant. The fatalitj^ 
rate, for example, in patients in the seventh and eighth decades of life was 
more than 2 to 3 times greater than that of younger patients (Graph I). The 
significance of etiology is demonstrated by the fact that the mortality among 
patients with aneuiysms of arteriosclerotic origin was more than twice that of 
patients with aneurysms of other causes (Table I). To some extent this may 
be attributable to the fact that the patients with arteriosclerotic aneurysms 
were older than the others. The importance of hypertension is demonstrated 
by the fact that the risk in this group of i)atients was two times greater than 
that in the normotensive series (Table II). Similarly the mortality rate in 
patients with pre-existing heart disease was almost four times greater than 
that in patients without heart disease (Grai)h II;. .The im])ortancc of this 
factor is further emphasized by the fact that, i"' the 'T^^j^-ntirc,tenths. 
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Table II. Eusipoem Aneeevsms op Descending Thoeacic Aorta 

MOETAEITY ACCOEDING TO BLOOD PEESSEBB 


BLOOD PEESSURE | 

1 

NO. OASES * 

[ NO. CASES 

DEATHS 

1 PER CENT 

149/89 or less 

39 

c 

15 

150/90 or more 

34 

11 

32 

Total 

73 

17 

23 


FUSIFORM ANEURISMS 
OF DESCENOtNG THORACIC AORTA 
MORTALITY ACCORDING TO AGE 


H 

Z 

ui 

u 

a 

Ui 

a 



AGE 


Graph I. 


FUSIFORM ANEURYSMS 
OF OESCENOING THORACIC AORTA 
MORTALITY ACCORDING TO ASSOCIATED 
HEART DISEASE 



PRESENT 


11 % 

» No Deaths 
» No Coses 

ABSENT 



heart disease 


GrapD IT- 


heart failure, mosU, 

mon cause, accounting for 9 fatalities. Among uie “ *■ . j ti,c 

2 ivere attributable to shock, ^ 

homogratt, 1 to pro-existmg septicemi., -ssociated aneurysm of the abdomi- 
liemorrhage, and 2 to complications of ‘ / .1 „ nnArotinn was nerformed 

nal aorta in one of these latter cases in Tvhicli 

under hypothermia, it was noted immecia e 5 lower extremity were 

resection of the thoracic aneurysm that all pulses 









roentRcnocram of clie«»t In a 50-joar-old Necro man shnwfn.* 
wa3 pre5loi;§b"presen1la™ deawndins thoracic aorta (cose report on this liatlin^t 

and resumed completely normal ncUvltles «=»•«» «ni.urjsm t atient has remained t\en 

same patient made approximately 5 sears after onern#i«« . 
relatively normal outline of descending thoracic aorta. >v.ara alter operation showing 
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absent and a saddle embolus of the aortic bifurcation was suspected. Immedi¬ 
ate abdominal exploration revealed, however, the presence of a small fu.siform 
aneurysm of the abdominal aorta which had become completely occluded by 
thrombus, presumably formed during the period of thoracic aortic occlusion. 
It was resected and replaced by a homograft and, although circulation was 
restored in the lower extremities, the patient died of renal failure and ui-emia 
on the eighth postoperative day. In the other case, the associated aneurysm 
of the abdominal aorta was diagnosed preoperatively and resection of the 
aneurysm of the thoracic aorta was performed first. Although the patient’s 
immediate postoperative course was satisfactory, acute rupture of the aneu¬ 
rysm of the abdominal aorta occurred 36 hours later causing rapid death. Of 
further interest in this eonneetion is the fact that there were 4 other pa¬ 
tients in this series who also had an associated aneurysm of the abdominal 
aorta which was successfully resected at aprcAnous operation. 

Follow-up observations on all the suinuAung patients in this group extend¬ 
ing for periods ranging from several months to over 5 3 'ears provide highly 
gratifjdng re.sults. With few exceptions there has been complete relief of 
sjnnptoms and re.sumption of normal activities. Of paiticular intere.st is the 
fact that the first 2 patients in this series, in whom operation was performed 
approximately 5 ^rnars ago, have remained well and working.^- ® An angio¬ 
cardiogram performed recently in 1 of these patients whose case report ap¬ 
peared in a ]3rovious publication- reveals a relatively normal outline of the 
descending thoracic aorta (Fig. 4). There have been 8 late deaths in this 
group occurring from a few months to about VA years after operation. Three 
of these deaths were due to heart disease, 1 to cerebrovascular thrombosis, 

1 to pneumonia, and 3 to complications of the graft replacement. Among this 
latter group, 2 were due to aneurysm formation and rupture of the homograft, 
one 5 months and the other 7 months after operation. In the third case, 
Ivalon was used as the graft replacement and death occurred 3 months after 
operation from infection, mediastinal abscc.ss, and secondary hemorrhage. 
In this connection, it may be significant that none of these graft replacement 
complications have been encountered since wc have employed the crimped, 
knitted Dacron arterial replacement. 

axeubvsjms of the aortic arch 

This group, compidsing 50 cases, represents the most serious form of 
aortic aneurysm not only because of the gravity of this disease but also be¬ 
cause of the inherent difficulties involved in the application of excisional 
therap 3 ^. Si'philis was the predominant etiological factor, being present in 
35 cases while, in the remainder, the underlying cause was considered to be 
arteriosclerosis in 10, trauma in 3, and undetermined in 2 (Table III). The 
ratio of males to females was 4 to 1 and the majority of the patients weie 
in the sixth and seventh decades of life. Although 26 cases were saceifoirn 
in tjToe and 24 fusiform, in both instances there was considerable variation 
in size from relathmlj’' small, well-localized lesions to large extensive aneu¬ 
rysms involving virtually the entire arch (Figs. 5, 6, 7, 8). 
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Table III. Aneurysms op Aortic Arch 

MORTALITY ACCORDING TO ETIOLOGY 


ETIOLOGY 

NO. CASES 

1 DEATHS 

1 NO. CASES 

1 

PER CENT 

Syphilis 

35 

19 


54 

Arteriosclerosis 

10 

8 


SO 

Trauma 

3 

1 


33 

Undetermined 

o 

0 


0 

Total 

50 

28 


oG 




lune 
from . 
Bhowl 
from 

thrombus. 


'best of patient show Inp large shadow projecting into rigljt 
acclforni aneurysm with ielati\elv narrow neck arising 
» diagram on right B, Angiocardiogram hi same patient 
ye. precise location of ntek of iacclfoim aneurjsin arl‘»ing 
by diagram on riglit. most of lumen of -^ac Is lllled wllii 
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Several methods of exeisional therapy may be employed for this group 
of^ aneurysms depending upon the location and nature of the lesion. In cer¬ 
tain forms of sacciform aneurysms, for example, in which the neck of the sac 
is relatively small, the procedure of tangential excision and aortorrhaphy 
may be the most satisfactory^ (Fig- 5(7). Even in cases in which the sac it¬ 
self is quite large and extensive, this procedure may be effectively applied 
so long as the neck is relatively narrow and involves less than half the circum¬ 
ference of the aorta (Pig. 5). In fusiform aneurysms, however, or in sacci¬ 
form aneuiysms in which the neck of the sac encroaches upon a considerable 
segment of the aortic circumference, extirpational therapy requires resec¬ 
tion of the entire segment of the diseased aorta with graft replacement (Pig. 
6). The necessity for temporary airest of aortic circulation in the perform¬ 
ance of this procedure imposes serious problems. For one thing, arrest of 
circulation at this level intenupts cerebral blood flow which, even after a few 
minutes, can produce fatal ischemic damage to the central nervous system. 



o. 

Pig-. 5.—Cont’d. C, Drawing illustrating procedure of tangential resection and aortorrhaphy 
wlilch was successfully performed in this patient. 

For another, occlusion of the ascending aorta rapidly imposes such a serious 
strain upon the left ventricle that acute cardiac failure may ensue. To over¬ 
come these problems, several methods may be employed depending upon the 
location of the lesion. Thus, for aneurysms invoMng the transverse arch or 
the distal portion of the ascending aorta the use of temporary shunts is 
considered the procedure of choice (Figs. 7 and 8), In such cases in which 
the proximal portion of the ascending aorta is uninvolved, it is possible to 
apply the shunt proximal and distal to the lesion by end-to-side anastomosis, 
using a partial occlusion clamp on the aorta and thus to perform the proce¬ 
dure without interruption of circulation at any time (Figs. 7 and 8). In 
our early experience with this bypass principle, the materials used for this 
purpose were of such nature as to permit their application as temporary shunts 
only, and following the procedure of resection and graft replacement tliej 
were removed.®’ ® More recently, however, with the development of the 
crimped Dacron tube, it has become possible to employ this bypass principle 
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Flff 6— A, Roentcenogram of chest showing roun<lea shadow' in upper left mediastinutn 
representing sacciform aneurjsm of proximal segment of descending thoracic aorta 

S, Angiocardiogram in same patient showing precise location and intraluminal dimensions 
of sacciform aneurjsm 

O, Pljotograph made at operation in same patient sliowJng gross appearance and anatomic 
relationship of sacciform aneurjsm of descending limb of aortic arch 

D, Photograph of excised segment of aorta In\ohcd b> the aneurjsm 

E, Photograpli made at operation in same patient sljowlng completed rcplaccinent with 
Dacron “graft" (Tins is one of 1 patients with aneurjsms of the tlioracic aorta in this series 
who also had successful resection of an aneurjsm of the abdominal aorta ) 
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in a manner that permits its application both as a temporary and a permanent 
shunt (Figs. 7 and 8). This is a distinct advantage in reducing the extent 
of the surgical procedure and the hazards of the operation. 

In cases in which the aneuiysm involves the proximal portion of the 
ascending aorta excisional therapy requires the use of the cardiopulmonary 


Fie- I.—A, Roentfrenograni of showng rounflecl °|®ch"of aorta, 

urn intR left lunr field representing fusiform 

B, Augriocardiogram showing extent . I location of aneurysm involving 

C, Photograph made at operation ®''TIrnMrl^arterv%nd (2) descending limb of aortic 
ransverse arch between (J) left common caiotid arterj anu i 
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bypass method by moans o£ an artificial hcait-luiig apparatus (Fig. 9). De¬ 
tails concerning tlio application of this method have been described in prert- 
ous reports.’'' “ 




Flfr, 7—Cont'd n, Dra^Nlnir s)iowin»r metliod of tempnrarj bjm*?'! from a'tccndinK to 
descending aorta ernplo\ed for resection of tills typo of ancurjsni 

E, Photocraph made at operation showinj? completed procedure of resection ulth re¬ 
placement bj- Dacron craft Indudlnr anastomosis to left subcK\lnn artei^- and use of b%nass 
Dacron graft from ascending aoita to descending limb of aortic nrch 

Analysis of results of operation in this group of aneurysms reveals a 
number of factors having a significant bearing upon the operative risk, in¬ 
cluding particularly the type and location of the aneurysm, age, and the 
method of oxcisional therapy. Aneurysms of arteriosclerotic origin, for c.x- 
ample, were associated vith a considerably biglicr operative mortality than 
other types of lesions, o«-ing probably to the fact that these patients 'were 
more advanced in age and were more likely to have associated heart disease 
(Table IV)- The importance of the tj-pe and extent of the ancnrv-'i is demon- 
strated by the fact that the operative mortality in ..i i.s 
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^ cardiac mediastinal shadow represent- 

5;art”o«“fe®3Sr«»rt* 
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75 per cent, whereas among sacciform aneurysms it was only 28 per eent. 
The significance of age is indicated by the fact that among the IG patients 
in the seventh decade of life the operative mortality was 75 per cent, where¬ 
as among the remaining patients below this age it was 47 per cent. 



Kiff. S,—Cont'd. C, Drawings Illustrating method of resection and graft replacement using 
method of tempoiary bypass subsequently con\erte(I Into permanent graft. 

T>, Photograph made at operation showing completed procedure. 


Table TV. 

Dissecting Aneurysms or Thoracic Aorta 

MORTALITY ACCOKOINO TO ACE 

AQE 

1 NO. CASES 1 

NO. DEATHS 

30-39 

2 

0 

40-49 

13 

5 

50-59 

7 


60-69 

20 

i 

70-79 

2 

1 

Total 

34 

10 (29%) __ 
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Although the total mortality of 56 per cent in this group of patients is 
iSX of Jhe’ against the background of the extreme 

lel ei_e that with increasing experience in the surgical management and with 
teehmeal improvements in the performance of the operation, the operative 
nsk shoulc be steadily reduced. Among the surviving patients, the results 

have been highly gratifying witli complete relief of symptoms and restoration 
of normal activity. 



yig, u.—Drawing showing method of resection and graft replacement for fusifoim 
aneurysms involving proximal part of ascending aorta using cardiopulmonary bypass by 
means of artificial heart-lung apparatus. 

TIIOKACOABDOMINAL ANEURYSMS 

Aneurysms located in this segment of the aorta derive significance from 
the fact that they involve the principal vessels to the abdominal viscera (Fig. 
10). Accordinglj^ exeisional therapy of these lesions is associated with 
considerable danger of producing fatal ischemic damage to such vital struc¬ 
tures as the liver, kidneys, and gastrointestinal tract, as a consequence of 
temporary arrest of blood flow to these organs during the period of resec¬ 
tion and graft replacement. 

Syphilis was the predominant cause of this gi-oup of aneurysms, being 
present in 15 of the 22 cases. Among the remainder there were 3 of arterioscle- 
I'otic, 2 of traumatic, and 2 of congenital origins. All but 2 of the cases wcic 
males, and most of the patients were in the fifth, sixth, and seventh decades 
of life. 
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As previously indicated, the most important consideration in extirpation 
of aneurysms of tliis type arises fiom the potential isehemie damage to the 
abdominal viscera as a consequence of temporary arrest of circulation dining 
performance of the procedure.” Moreover, theie is leason to believe that 
the kidneys represent the most sensitive abdominal organs to ischemia. To 
overcome this pioblcm, several methods may be employed, including hypo¬ 
thermia, conti oiled cxtiaeoipoieal circulation, and temporary shunt.s. The 



riff 10—Aortogiam siioi\ing fiisUorm aneurism arising in distal segment of descending' 
thoracic aorta and extending do>\n to in\ol\c upper segment of abtloniinal aorta including 
celiac superior mesenteric, and lenal arteries 

latter 2 methods ivere found to be satisfactory in achieving this ob,icctive 
and have been described in previon-s lepoits^* ” JEoie recently, still another 
method has been developed which is considered to liave additional advantages 
(Fig. 11). This method was made possible through the nse of our ei'imped, 
knitted Dacron tube which permits coiivcision of the temporaiy shunt iiito 
the permanent graft. 

In the application of this method, tlic Dacion tube, which is provided 
with hranelies for the celiac, supeiior mesenteric, and lenal arteries, is at- 
taelied by end-to-sidc anastomosis using partial tangential oeclnsion clamps 
to the descending thoracic aorta immediately above the aneurysm and by 
end-to end anastomosis to the abdominal aorta below the aneurysm (Fig. 11, a). 
The left renal artery is then detached fiom its aortic origin and the distal 
end is sutured by end-to-end anastomosis to tlio corresponding brancli on 
tlic Daeion tube (Pig. 11, h)- Folloning completion of ’ p |ures 
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the ocelusion clamps are released, permitting blood flow through the Dacron 
tube to the left renal artery and the abdominal aorta distally. By this means 
circulation to the left kidney is arrested for a period of about 10 or 15 min¬ 
utes. Circulation through the aneurysm is then arrested by applying occlud¬ 
ing clamps to the celiac, superior mesenteric, and right renal artery, as well 



Flff. 11.—Drawing showing method of resection and graft replacement in thoracoabdomi¬ 
nal aneurysms using crimped, knitted Dacron tube which permits conversion of the temporary 
shunt into permanent graft 

a. Dacron tube is attached to descending thoracic aorta above aneurysm by end-to-side 
anastomosis and to abdominal aorta below aneurysm by end-to-end anas.omosis. 

b. Left renal artery is attached to corresponding branch on Dacron tube by end-to-end 
anastomosis and blood flow restored to left kidney. Occluding clamps are then applied to re¬ 
maining visceral branches and to aorta above aneurysm but below proximal end-to-sldc an¬ 
astomosis of Dacron tube, and aneurysm is excised. 

c. End-to-end anastomosis is then performed between respective branches of Dacron tube 
and right renal, superior mesenteric, and celiac arteries, in that order, with restoration of 
circulation following completion of each anastomosis. Procedure is completed by suture 
closure of distal end of thoracic aorta immediately below end-to-side anastomosis ot Dacron 
tube. 



Eig. 12.—Photograph made at operation ®’>o\J{f^®°J^P'®tuije ‘in*^lSding^branches to (/) 
ment of thoracoabdominal aorta and aneurysm with arteries, 

celiac. (S) superior mesenteric, (fl) left renal, and (i) right renal arteries. 
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as to the aorta above and below the aneurysm. After excising the aneurysm, 
end-to-end anastomoses of the right renal, superior mesenteric, and celiac 
arteries are pei'formed in that order to the respective branches on the Dacron 
tube. After completion of each of these anastomoses, circulation is restored 
by releasing the occluding clamp on the corresponding branch of the Dacron 
tube. In this manner the period of ischemia to the right kidney should be 
less than 25 or 30 minutes and to the other arteries about 45 to 50 minutes 
which, according to our experience, is well within the safe period of tolerance 
of these organs to anoxia. The Dacron tube which has been serving as a 
temporary shunt is now converted into a permanent graft by suture closure 
of the tlioracie aortic end just below the end-to-side anastomosis of tlie 
Dacron tube (Pigs. 11 and 12). 


THORACO -ABDOMINAL ANEURYSMS OF THE AORTA 
MORTALITY ACCORDING TO AGE 



In this sei’ios of 22 cases there were 8 operative deatiis, 4 of which were 
caused by heart failure, 1 by renal failure, and 3 by the development of a 
bleeding syndrome. Tlie significance of age upon operative mortality is well 
demonstrated by the fact that three fourths of the deaths occurred in patients 
over 60 years of age (Graph III). The results among the patients who sur- 
Tuved operation have been highly gratifying. Follow-up observations ex¬ 
tending over periods ranging up to 2 V 2 years reveal maintenance of normal 
activities. 


DISSECTING .ANEUBYS5IS OF THE .AORTA 

This type of aneurysm represents one of the most serious foims of aortic 
disease and one of the most challenging pi-oblems in the application of 
surgical treatment, for several reasons. For one thing, the lesion is usual y 
not well localized and often extends throughout the aorta. For another, he 
general condition of these patients is usually worse than that of others ivitli 
aortic aneurysms owing presumably to the more acute development f the 
disease and the frequent association of hypertension and other manifestations 
of cardiovascular, renal, and respiratoiy disturhances. This is cl arly re¬ 
flected by studies of the natural course of the disease which have'"*'’ / 

its rapidly fatal termination in over 75 per cent of cases.” I" ,* 
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The methods of surgical treatment for this disease have been reported 
in a previous publication® and have now been employed in 34 cases. The 
majority of these patients were in the fifth to seventh decades of life and 
all but 8 were males (Table IV). Moderate to severe hypertension was present 
in about TO per cent of cases. Contrary to previous reports/^- most of 
which have been based upon necropsy .studies, indicating that the diseases usu¬ 
ally involve the aortic arch, only 4 eases in our series were of this type. The 
dissecting process in all the others arose in the proximal segment of the de¬ 
scending thoracic aorta. This diserejiancy in the location of the le.sion in our 
surgical cases and in the studies of others based upon necropsy material 
may be explained by the fact that dissecting aneurysms arising in the ascend¬ 
ing aorta are more likely to have a rapidly fatal coui'se. On the other hand, 
lesions arising in the descending thoracic aorta tend to have a subacute course 
and thus to permit more time for diagnosis and treatment. In any event, 
this is a fortunate pathologic feature of the latter group of eases since, as 
indicated below, it permits application of a moi-e effective form of surgical 
ti'eatment. 

In general, two types of surgical procedure were employed in this series 
of cases depending upon the nature of the lesion. Thus, in cases in which 
the dissecting process begins in the ascending aoida, the procedure consists 
in the creation of a re-entry passage into the true aortic lumen above with 
obliteration of the false passage below. This is accomplished by complete 
transection of the descending thoracic aorta between occluding clamps, ex¬ 
cising a small segment from the inner wall above to produce re-entry of the 
outer lumen, approximation of the outer and inner layers below with a 
continuous suture, and then performance of an end-to-end anastomosis. As 
indicated previously, this procedure is obviously not curative; its essential 
objective is to produce re-entry of the false passage into the normal lumen as 
close to the point of origin of the dissection as may be feasible in order to 
diminish the likelihood of rupture above and to restore normal aortic circu¬ 
lation below. Among the 4 eases in this series in which this type of proce¬ 
dure was used, there were 2 deaths, 1 from rupture of the dissecting aneu¬ 
rysm into the perieai’dium and the other fi'om heart failure. 

For lesions arising in the descending thoracic aorta, usually just below 
the level of the left subclavian artery, a more curative type of procedure 
may be employed (Fig. 13). This is accomplished by excision of the segment 
involved in the origin of the dissecting process mth graft replacement. In 
some cases in which the lesion is well localized to the descending thoracic 
aorta, complete resection of the dissecting aneurysm is possible. ^ In other 
cases in which the dissecting process extends down into the abdominal aoita, 
the proximal portion involved in the origin of the dissection is excised, the 
false passage below is obliterated by suture of the inner and outer wall, and 
aortic continuity restored bj’- graft replacement (Fig. 14). In the perform¬ 
ance of this procedure, like that for fusiform aneurysms of the descending 
thoracic aorta, some method must be employed to combat the ischemic efiects 
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of temporai' 3 ’ arrest of aortic eirciilation. Altliough hj’potherniia was origin¬ 
ally used for this purpose, more reeentlj' we liave preferred the method of 
eontrollcd extraeoi’poreal eirciilation, as described above, for resection of 
fusiform aneurysms of the descending thoracic aorta for similar reasons. 

This latter method of surgical treatment for dissecting aneniysms was 
employed in 30 cases in this series with 8 deaths, 4 of which were caused by 
heart failure and coronaiy thrombosis, 2 by development of proximal dis¬ 
section and rupture into the pericardium, 1 by pulmonarj' embolism, and 1 



Fip. 13.—DrawinR- sliowlnir method of surpical treatment of tJl'ssectlnp aneiiosms of 
aorta usmp controlled extracorporeal circulation to provide blood flow Into aorta distal to «ite 
of application of occluding clamps After excising segment of dissecting aneurjsnial process 
above its origin, the false lumen in the distal end is obliterated by seeing outer and inner 
ualls together with continuous suture. Anastomosis of graft to upper aortic opening is done 
by continuous suture A\lth 4-0 arterial silK Anastomosis of graft to lower opening In aorta 
w ith restoration of aortic continuity Is then performed. 

by ventricular fibrillation during hypothermia. Contrary to other form.s 
of aortic aneurysms, age did not .seem to play a significant role in the mor¬ 
tality in dissecting ancuiysms (Tabic lA’). ITypcrtcnsion, liowevoi*, ivas 
found to be highly significant in this regard since there wore no deaths in 
patients considered to be nornioteiisivc (Table A ). 

Table V. Dissectixo Axfurvsms of Tjiop.acio Aoi:ta 

MORTALITY' ACCORl'mO TO Bl/lOIl ^IT.ESSItrE 


DE.\TirS 


BLOOD PRESSURE 

1 xo. cAsrs 1 

1 XO. CASES i 

1 PER CEXT 

149/89 or 

10 

0 

0 

150/90 or more 

24 

10 

41 

Total 

34 

10 
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With few exceptions, the results obtained in the patients surviving oper¬ 
ation have been highly gratifying. Follow-up observations extending up to 
^¥2 years after operation reveal that most of the patients have been able to 
resume normal activities. There were 2 patients noth residual partial para¬ 
plegia and 1 late death in this group (occurring about 7 months after oj>era- 
tion) from severe uncontrolled hypertension. Subsequent aortographie studies 
in some cases revealed a relatively normal outline of the descending thoracic 
aorta (Fig. 14). 













Pig 14—Cont’d 0, Photograph of sagittal section of resected segment of dissecting 
aneurjsm in same patient allowing gro«s pathologic features of lesion with arrow pointing to 
intlmal tear through which true lumen communicated with false lumen Lower end of photo 
graph shows crosa sectional view of specimen demonstrating characteristic double barreled 
aorta with smaller true lumen and larger false lumen produced by dissection 

D Photograph made at operation in same patient sliowlng completed replacement of 
segment of aorta and dissecting ancur>sm with Bacion graft 



17 


I Ig 14—Contd E Angiocardiogram In same patient made approximately 7 month'* 
after operation ■showing relfttKelj normal outline of thoracic aorta. Patient has been conipleie 
1> relie\ed and li is resumed normal acthltks 
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SUMMARY 

1. Observations concerning methods and risk of operation are presented 
imn an analysis of 179 eases of aneurysm of the thoracic aorta treated by 
reseetion. The eases are classified into 4 groups; (1) aneurysms of the de¬ 
scending thoracic aorta, (2) aneurysms of the aortic arch, (3) thoracoabdomi¬ 
nal aneurysms, and (4) dissecting aneurysms. 

2. Group 1, comprising 73 eases, represents the largest series and reflects 
the lelative fi'cqueney of involvement of this segment. In the application 
of exeisional therapy, the most important consideration stems from the neces¬ 
sity for temporary arrest of aortic circulation through the segment to be re¬ 
sected and the consequent effect of inei'eased vascular resistance upon the 
heart and ischemic damage upon the spinal cord. Hypothermia was for some 
time the primary means used foi- prevention of neurological sequelae but was 
associated with certain disadvantages. Consequentl}^ a method of controlled 
extracorporeal eiroulatiou was developed consisting of a jJBinp-bypass in 
which oxj'genated blood is removed from the left auricle and pumped into 
the aorta distal to the occluding clamps thi'ough a plastic cannula inserted 
upward into the left femoral arteiy. This method has been applied in the 
last 36 cases in tliis series and the mortality has been reduced from 27 per 
cent in the earlier series of 37 eases to 19 per cent in this more recent series. 
Owing to the fact that, in each series, 2 patients suffered some degree of 
neurological disturbance unexplainable by any variable in method or con¬ 
dition of the patient, the authors conclude that considerable variations exist 
in tolerance of the spinal cord to temporary aortic occlusion. Certain factors, 
such as age, etiology, hypertension, and pre-existing heart disease, are signifi¬ 
cant in the mortality rate. FolloAV-up observations extending for periods 
ranging from several months to over 5 years provide highly gratifying re¬ 
sults, revealing with few exceptions complete relief of symptoms and resump¬ 
tion of normal activities. 

3. Group 2, comprising 50 eases, represejits the most serious form of 
aortic aneurysm because of the gravity of the disease and the inherent diffi¬ 
culties involved in exeisional therapy. In certain sacciform aneurysms of 
the aortic arch, the procedure of tangential excision and aortorrhaphy may 
be preferable, but in fusiform aneurysms and in sacciform aneurysms in which 
the neck of the sac is relatively large, j-eseetion of the entire segment with 
graft replacement is necessary. Temporary arrest of aortic circulation at 
this level interrupts cerebral blood flow and can produce fatal ischemic 
damage to the central nervous system. Furthermore, a serious strain is thus 
placed upon the left ventricle causing the possibility of acute cardiac failuie. 
Several methods may be employed to overcome these problems. For aneu¬ 
rysms involving the transverse arch of the distal portion of the ascending 
aorta, use of a temporary shunt is considered the procedure of choice. Ee- 
eently, with the development of the crimped Dacron tube it has been possi¬ 
ble to apply the bypass principle in a manner that permits its application 
both as a temporary and a permanent shunt. In cases in which the proximal 
portion of the ascending aorta is involved, cardiopulmonary bypass by means 
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of an aitificial heait-lung appaiatus is leqiuied. Factors bearing upon the 
opeiative rislc include type and location of tlie aneurysm, ago, and metliod 
of excisional therapy The total inoitality in this gioup was 56 pci cent, hut 
this tlgiiie must bo evaluated against the e\tieme gravitj' of the iiatiiial 
coiiise of this disease Among suiiiiing patients the lesiilts have been highly 
gratifying 

4 Aneurysms in Gioup 3 aic significant paiticulaily because they in- 
lolve the piineipal icssels to the abdominal visceia, and excisional tlieiapj 
is associated with danger of jiiodncing fatal ischemic damage to the livei, 
kidneys, and gastiointcstinal tiact as a consequence of tempoiaiy auest of 
blood flow to these otgans In this gioup of 22 cases, syphilis vas the pie- 
dominant cause of the lesion Scicral methods, including hypothci niia, eon- 
tioiled c\tiaeoipoioal eiidilation, and tempoiaiy shunts, have been employed 
to 01 eicome the dangoi of damaging the sensitiie abdominal oigans Kc- 
centlj’ anotlier method has been developed through the use of the crimped, 
knitted Dacion tube which peimits eonvcisioii of the tcinpoiaij shunt into 
the peiiiianent giaft In this senes tlicie wcic S opeiativc deaths, 6 of which 
occuiied in patients oioi 60 yeais of age Results among patients I'lio siii- 
vived haic been excctlcnt, and folloiv-iip ohsciiations extending oici penods 
langing up to 2Yo yoais loieal maintenance of noimal aetiiity 

5 Among the 34 cases of dissecting aneiiiysiii, 4 involved the aoitio nicli 
and the icmaindor aioso in the pioximal segment of the descending thoincic 
aoita In oases in which the dissecting piocess begins in the ascending aoita, 
the procediiie consists in the cication of a le-entiy passage into the tine 
aoitie lumen above with ohliteiation of the false passage below This pio- 
ceduie is obviously not cuiativc, its ohjcctiic is to dimmish the likelihood 
of iiiptiiie above and to icstoie noimal am tie on dilation hclou Foi lesions 
aiising in the descending thoiacic aoita a more cuiative type of piocediiie 
may be cniploycd, consisting of excision of the segment iiiiohed in the oiigiii 
of the dissecting piocess and icplaccmcnt iiith giaft In cases in which the 
dissecting piocess is not well localised, the proximal poition is excised and 
the false passage below is ohlitciated by siitiiie of the innei and oiitei ivall 
Aortic continuity is then restored by giaft icplaccment Thiity cases have 
been ticated in this maiinci uith 8 deaths Age did not seem to he a signifi¬ 
cant faetoi in the moitality in dissecting ancuijsiiis, hut lypeitension iias 
highly significant, since thcic vcie no deaths in patients consideicd to he 
noimotcnsive Folloii-iip ohseiiations extending up to 3Y> yeais leieal that 
most of the patients siiiiiiing opeiation have been able to icsiime normal 
aetirities 
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Discussion 

DR. JOHN W. STRIEDER, Brookline, Mass.—rise onl}' to emphasize a very small 
segment of Dr. DeBake3''s magnilicent presentation, nameli'^, the pump bi^pass. As I men¬ 
tioned this morning, Dr. James Dow and Dr. James Dickson at the Boston City Hospital 
Surgical Research Laboratory have been interested in this aspect of hemod3Tiamics. 

We have applied the pump which is similar to Dr. DeBakey’s, except that it is 
operated b3'' compressed air and permits one to have a b3’pass and/or a pump working 
electivel3', alternate^'. 

In addition to its use for the excision of thoracic aneurysms, it ma}' also be used 
in any situation where occlusion of the thoracic aorta is necessar}-. 

We have used it, therefore, in a patient who was severely ill, the result of aortic 
regurgitation, where we contemplated inserting a Hufnagel valve. 

This slide shows the pressures which were taken above and below the point of oc¬ 
clusion through the axillar3'' arter}"^ and the femoral artery. Catheters have been passed 
through both these vessels a suitable distance. One can then see graphically that when 
the bypass is open with the pump not working, the pressures above and below the point 
of occlusion of the aorta show a definite differential with the pressures below the point 
of occlusion falling off, but remaining at approximately 60 mm. Hg systolia. When the 
b3'pass is clamped and the pump started, however, the pressure in the distal aorta remains 
at a satisfactory level, approximately that of the pressure in the proximal aorta. This 
permits a leisurel}^ approach to the operation described by Hufnagel. 

As I mentioned before, it was used in one such patient and was highly successful 
technically, although subsequently the patient died for reasons which were not discernible 
at autopsy and apparently bore no relation to the method. 



EXPERIENCES WITH THE DAVILA-GLOVER PURSE-STRING 
SUTURE IN THE CORRECTION OF MITRAL 
INSUFFICIENCY: A CRITICAL APPRAISAL 

Edward M. Kent, M.D., William B. Void, Ai.D,, John F. Neville, Jr., Al.D. 

(by invitation), and Don L, Fisher, Al.D. (by invitation), 

Pittsburgh, Pa. 

D uring tlie Thirt.v-fiftli Annual Jfeeting of the American Association for 
Thoracic Surgery, Davila and Glover and their associates' described a 
method of accomplishing circumferential suture of the mitral ring for the cor¬ 
rection of valvular insufficiency. That presentation included their experiences 
during the perfection of the technique in the experimental laboratory and the 
use of the operation in the surgical management of 7 patients whose valvular 
disease was characterized by predominant mitral insufficiency. Although the 
mortality rate was high in this preliminary report, the authors felt that the 
results in the sundving patients were most encouraging. 

The essentials of the procedure as described by Davila and co-workers 
consist of placing the suture medially b.v approaching the posterior aspect of 
the heart and introducing the needle at a point just to the left of the posterior 
descending coronary artery and immediately beneath the coronary sinus and 
distal circumflex coronary artery. The needle then was passed vcntrally into 
the base of the intorati-ial septum and thence into the I'ight atrium, entering 
this chamber at a point just ventrad to the ostium of the coronary sinu.s, then 
advanced adjacent to the right .side of the septum, piercing the anterior right 
atrial wall at its junction with the anterior base of the septum. At this point, 
the needle and suture emerged into the transverse sinus and the segment of the 
suture which was to lie in the transverse sinus was encased in a pericardial 
sleeve, 4 cm. in length. A tunnel was then made anteriorly beneath the circum¬ 
flex coronary and great cardiac vein at a point about 1 cm. lateral to the an¬ 
terior descending coronary. The segment of suture which had been covered by 
pericardium was then drawn back into the transverse sinus by traction on the 
posterior “tail.” The anterior “tail” was then passed beneath the circumflex 
coronary through the previously prepared tunnel. The posterior “tail” of the 
suture was then threaded on a large cinwcd needle and stitched anterolaterally 

From the Department of Surgery, Unherslty of PJttsburRh, School of Sfedicino and thf* 
Cfttdlo-Pnlmonary Laboratory, Allegheny General Ilo'tpUal, 

Read at the Thlrty-elphth Annual Mcetlnir of Tlie American Association for Thoracic 
Surgery at Boston. Mass, May 16-18, iflSS 
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into the atvioventricnlav groove, nnderpassing the lateral branches of the cir¬ 
cumflex coronary so that it finally lay just beneath the circumflex bundle. The 
two tpls Avere then approximated about 1 cm. to the left of the anterior de¬ 
scending coronary and immediately below tlie circumflex coi-onary Avhere they 
were tied in a double square knot. As this knot is tied, the operator maintains 
a tactile vigil over the effect on the valvular regurgitation by means of the 
exploring finger wliich remains within the left atrium by way of its appendage. 
This finger also serves as a means to prevent the creation of stenosis of the 
valvular orifice during the tying of the knot in the purse-string suture and has 
the equally great responsibility of monitoring the placement of the purse-string 
suture to ensure against the insertion of any portion of the suture ivithin the 
left atrial chamber. 


It is apparent to all interested observers that there is a great need for a 
method Avhich Avill safely and effectively control mitral insufficiency when it is 
of major proportions. Our purpose in this communication is to present our 
experiences and results Avith the use of the Dardla-Glover cireinnferential su¬ 
ture of the mitral ring as a means of attempting to control predominant mitral 
regurgitation in 30 patients. 


iMETHODS 

Patients wmre selected for surgical correction of mitral insufficiency on 
the basis of clinical evaluation and supporting data obtained by means of simul¬ 
taneous right and left heart catheterization and by means of the injection of 
Ermns blue dye into the left A’^entriele folloAved by immediate recovery of the 
medium from the left atrium. 

In the area of clinical evaluation of patients, the measures adopted did 
not differ from those employed genei'ally. The presence of an apical systolic 
murmur has been the cardinal method of spotting patients suspected of hatyng 
mitral insufficiency. Some of these patients displaj’^ed qualities inherent in 
their mui’murs Avhich are commonly accepted as indicatiAm of a significant 
degree of Amrimlar incompetence (i.e., loudness, transmission to the axillary 
area, decreased intensity of the mitral first sound). 

Further documentation includes cA'idence of left Amntricular enlargement 
by means of electrocardiography, roentgcnographjr and fluoroscopy. Addi¬ 
tionally, evidence of left atrial enlargement was sought by the same aAmnnes 
of study. The presence or absence of atrial fibrillation AA'as demonstrated in 

all instances. 

Bach patient in this study was severely disabled by predominant mitral 
insufficiency. 

The supporting data which have been obtained by means of combined 
right and left heart catheterization are available for all save 2 patients. The 
criteria obtained by these measures include the appearance of a tall regurgitant 
pulse in the left atrium (V Avave exceeding the height of the C Avave by 10 mm. 
Hg or more-’ ^). 
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Jloro consistent evidence of mitral regurgitation is obtainable by means 
of the injection of Evans blue dye into the left ventricle during left heart 
catheterization.'* In the presence of mitral regurgitation, immediate recovery 
of the medium from -within the left atrium can be expected. 

Left heart catheterization -was performed in the prone position using the 
right paravertebral approach. Usually, right heart catheterization was done in 
a similar manner through a second needle.**- ^ 

The passage of a catheter into the left ventricle permitted measurement 
of any pressure gradients across the mitral and aortic valves. The recording 
of left atrial pulse pressure usunllj' revealed the degree of miti-al regui-gita- 
tion accurately**- ** as long as the mean left atrium pressure was above 20 mm. 
Hg. At lower mean atrial pressures, the regurgitant pulse could frequently 
bc evoked by exercise. 

More recently, however, a simple dye injection technique has been more 
satisfactory for evaluating valve competenej-. In brief, the technique consists 
of injecting dye into the left ventricle via a catheter while aspirating from a 
separate left atrial needle. This is compared to a similar injection into the 
left atrium vio the catheter while aspirating from the separate needle. As can 
be seen from Tables I and II, it is apparent that the test does not overestimate 
the degree of insufficiency. 

The patients selected for surgical intervention wore managed by the appli¬ 
cation of the Davila-Glover purse-string procedure as described by them, using 
the Davilla needle designed for this pui-pose. 

The postoperative evaluation of results have been based upon the same 
triad which was employed in the preoperative selection of patients, namely, 
clinical evaluation, simultaneously combined right and left heart catheteriza¬ 
tion, and the injection of Evans blue dye into the left ventricle with subsequent 
recovery from the left ati-ium. An altogether too limited autopsy experience 
has also been included. 

RESULTS 

There were 13 hospital deaths (Table 1). The majni-ity of these (8) re- 
.sultcd from uncontrollable ventricular fibrillation at the time of surgery. 
Three patients died within 24 hours after completion of operation. One patient 
died 4 weeks after surgerj’ as a result of subacute bacterial endocarditis due 
to hemolytic Staphylococcus aurem and the remaining jiationt died 2 months 
after operation of imcontrollable conge.stivc heart failure. It has been appar¬ 
ent that this surgical procedure carries a very siihstantini risk for patients in 
the advanced categories which -were selected. In an effort to overcome the 
pi-oblem of ventriculai- fibrillation at surgery, partial eni-diac bypass was em¬ 
ployed during the introduction of the purae-string suture in 3 patients The 
fii-st of these efforts appcai-od to be very successful and a patient having pro¬ 
foundly severe mitral insufficiency was thus operaied upon with on exapUfut 
early clinical result. However, the signs of the regurgifatic 
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months and the patient died 3 months latei of congestnc heait failme An 
topsy disclosed out thiough of the piusc stniig (Ihg I) The lemaimng 2 pa 
tionts opeiatod ujion with tlie assist.mce of paitial caidiac hi pass died of im- 
contiollahlo lontiieulai fibiillation duniig suigoi-j 

Theio liai c heen G additional deaths each occniiing aftei the patient was 
dischaiged fiom the hospital aitci haiing iiiogicssed thioiigh appaiently sue 
eosiftil suigci-j and uncomplicated connleseence (Table I) Tliice of those 
deaths iieie sudden and faiiij enily aftei suigcn, each oeeuiicd at home, and 
autopsies ivoic not obtained The 3 icmaiinng late deaths weie piceeded bj 
eiidcnet of iceurrence of initial insufficiency and somewhat piolonged conges 
tiie hcait failiuc Autopsy lu these 3 patients disclosed eiidence of cut 
thiough of the puisc stung sutuie 

The lesult of the application of the puise stmig as dctciniiued hi the sui 
gcon St the time of opeiation has been impicssiic Indeed, in almost eiery 
instance the palpable logutgitant jet was gicatly icduced ns nicasuied hj the 
tactile sense of the opeiatoi's iiitia atiial lingor These obsenatioiis hai e been 
in complete agieement with those published by Daiila and Gloiei 

An obsen ation of niajoi impoifance was that the clogice of initial leguigi 
tatioii 1 ailed niaikcdly depending upon the woik of the left voutiiolc When 
(\oi s>stciiiic aitenal ptessuie was low the impio-ved cm dine output lesnlting 
fiom the initial tightening of the puisc stung laised the sjstcroio picssuio 
As this happened, the tactile endeiicc of icgiiigitntion incieasccl, icqiining 
fuithei tightening ot the sutuic These obsenntions would scoin to ho of 
impoitaiioe in open licait snigcij foi initial insiiffioienc}, since sisiial cstinia 
tion ot the icguigitant flow, when the left iciitiicle is pumping loij little 
blood maj boiiicoiieet 

llie disappointing ovpeiicnte of baling flic apnal systolic muiiiuii iccui 
within a few da\s to a few weeks, oi months in most patients is one which can 
not he loigotten Among the sunisois who wcie followed toi a leasonahlc 
peiiod of time, this ci cut oecuued in 7 of H patients Following this anseult i 
ton esideiiee of icciuiencc of initial insufficient, thoie ensued thnieal eu 
denoe of loss of sMiiptomatic gains 

III an effoit to obtain olijcttne infoimation conceining the status of the 
suniiois postopciatiic left heait cathctciization and blue dye injection was 
earned out on 10 of flic 11 sunning patients (Tiihlo II) These tests weie 
done nioie than 6 months aftei siugcij and the data sociiied disclose that 7 
pafniits now hasi initial insufficicnc} ofdtgiccs equaling those dciiionstiated 
piioi to opei itioii Theic aie I patients m whom Iheie lemaiiis no demon- 
stialilc icgnigitatiou hut 2 ot these haic ciideiicc of initial stenosis A single 
patnnt who w is ictested 10 days aftii uiidcigoing suigen was found to hair 
had ohjeetne ciidcinc of iccuiiincc of seicic lahiilai insiiffienmi 'This 
has been sustiectcd cliiiicall} as a icsult ot lecmience of in ajiical systolic 
imiimni 0 dajs aftci suigen This patient Ins since dnd in ehronic iiiienn 
tiollahle coiigcstnc Jaihiic and antopsi confiimed the tccuiieiiec of imti i! 
ic'gni gitatioii 
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Kion (t(ie to conge^the^ ^*Ilure*^^R surBcrj discloses Iar?re leart 

Kerj The Purse striS/ m.turn heart made at ^ ' 

mitnl \al\e ^ suturo can be seen to liaie cut throne' mto 
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As further evidence of recurrence of valvular insufficiency we can present 
the autopsy findings of only 3 patients who have died 3 or )nore months after 
surgery. In 2 instances, the purse string had cut through the atrial wall and, 
in part, lay free in the atrial chamber just above the mitral leaflets (Fig. 1)! 
In the third such instance, it was quite apparent that the purse string had cut 
through sufficiently to lose the effect although the suture had not entered the 
atrial cavity at any point. 

SUjMiNt.\RY 

1. The circumferential purse-string suture described by Davila and Glover 
effectively controls mitral regurgitation at the time of application. 

2. Thei'e has been a high incidence of recurrence of valvular incompetence, 
chiefly the result of cut-through of the purse-string suture. 

3. A high mortality rate has been experienced. 

4. There is ovidenee which indicates that we have produced a mcasureable 
degree of mitral stenosis in 2 patients both of wliom have maintained control 
of a pi'cvious insufficiency. 

5. Observations made during the surgery performed for mitral insuffi¬ 
ciency indicate that the degi'ce of imlvnlar regui'gitation may be underesti¬ 
mated under the conditions which prevail during open hcai-t surgery. 

6. The evaluation of surgical results of surgeiy for mitral insufficiency 
Inquires the utmost objectivit.y at our disposal. We feel that left heart eathe- 
terixation studies, of the scope employed in this study, are mandatory. 
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Discussion 

DR. J. C. DAVILA, Philadelphia, Pa.—-Every year at this meeting .someone invariably 
asks, “Are you still doing this operation?" and wc have answered, “Yes, ive are." I am 
of course very disappointed by the results rvhich Dr. Kent, Dr. Neville, and Dr. Fisher 
have reported. This is a procedure which is technically exacting, and about which perhaps 
some details have not been fully emphasized or sufficiently clearly elucidated in our pub¬ 
lished reports. I would like to point out one feature which Dr. Neville and I discussed 
some days ago. 

(slide) If tlie suture is placed in a manner which catches a band of epicardium in 
a loop and it is tied, a very disagreeable puckering is produced. Not only is this uiidesiia- 
blo from the standpoint of hampering coronary arteries, but it is undesirable because 
the suture is unable to slide through after final tying to glide into the apex of tlie A-I 
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groove This :na\ appeal to be a minor point but it is \erj import tut In placing tins 
portion of the sutuie it is neees«iaij to come out with the ‘future and return through the 
«.amo puncture in order that tlie suture lie cntirelj in fat When it is tied it then glides 
into the proper position This mil eliminate to a ^er\ large degree, although not com 
pleteh, the loosening ot the suture (slide) Tins is shown to point out the repetition of 
the loop back thiough the same onliee 

■\\ 0 ha\o had onlj 1 case in which the suture was misplaced into the cardi ic lumen, 
it occurred ^e^^ eaih in our senes We have not had the suture cut through in am other 
patient or, in tact, in a large number of dogs in a period of 3 rears of observation 

This slide simph shows the tracing of a patient whom Dr Moirow cathetenzed 
in ashington, 1 month betore surgerv, 1 month after surgerv, and 0 months after surgerr 

(slide) This is the longest follow up we have studied—a patient wlio was cithctenzeil 
at h months and at 24 months postopcrativeh You will note the left atrial pressure 
remains low, the pulmonnrj pressure remains lovr, the output doubles and remains that 
wav, the pulmonarv resistance is low The heart size (br cardiothoiacic ratio) remains 
small 

(slide) I wish to point out what has happened in our experience iluring tlie past 
4 3 ears 'Wo have opeiatcd on G1 patients and I have divided them into three groups 
20 patients, 20 patients, and 21 patients, progrcssivch In the first 20 patients, there 
wero six operative deaths, eight late deaths, and 0 are living, the next 20 , six operative 
deaths, four late deaths, 10 are living In the last 21, there weie six operative deaths, 
one Into death, and 14 arc living This leprcscnts not necessanlv technical improvcniint 
but better selection of patients, and this is the crux in the success of this operation It 
IS not unlike the citastiophe which Dr Potts refened to ^\hen we opente cm a pitiont 
in a far advanced stage of disease, that patient is going to die whether we have conected 
the insufficiencj or not 

This IS another aspect of the bieakdown Half of our patients rouglilv, 20, were 
preoporativelj in medicallv intractable failure, 32 were in various stages of congestive 
failure but were not intractable pieoperativel> Of the 20 in intmctalile states onlv 4 arc 
living and onlv 2 of those are improved Of the 32 in van mg degrees of failure, 2b are 
living and 26 are improved 

We have not studied bj recathctcnzation a suflicieiit number of patients completeh 
to show comparable data befoie and after surger}, nor do vre liave time now to discuss 
that in more detail, but those we have studied have Miown favorable results 

DR LOUIS H BOSHEE, Richmond, Va—M 3 evxienence with this operative procc 
dure IS ver 3 limited, but so unsatisfactory that Iwi&h also to support Dr Kent’s oh'-crv a* 
tion regarding it 

We have operated upon G patients, 2 of whom were oper itivc deaths, that is, occurring 
carh postoperative There were 2 patients wlio died liter, 1 six weeks ind 1 five months later, 
ind I would like to show two sinks of the specimens 

(slide) You will see tliat in tins patient the suture has cut through 5 weeks after 
surger} There was clinical evidence ol recurrence of mitral insufficienc 3 ' I might sa} 
that this suture was not enclosed in a pericardial tube ns recommended l)v the authors 
of the procedure 

(slide) The second patient died 5 months later, the suture was enclosed in a plastic 
tube between the circumflex artcrv and the point of emergence in the transverse sinu« 
The suture did not cut througli at this site but cut through elsewhere along the amiuliis 
It IS our opinion that if the annulus is iniirkedlv dilated, which is the situation in most 
of the patients, if 3011 exert enough tension to eliminate tlio mitral insufticicncv then 
almost certamlv tlie suture will eventuallv cut through \\ c do have 2 jiatients alive 
who have had this procedure Thev are somewhat improvid One of the-'C pationJ' 
exhiliitcd evidence of ehnunation of mitral insufticicnev for soi,,^ tu m 
graduallv returned and at the firescnt time he has lost ground 
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EE. J. NEVILLE (CJo.siDgr).—In fairness to Dr. Davila, I would like to say that 
the technique which we used iu plaeinpc the purse string was that originaUy described. It 
did not include the modification presented here. Whether this would influence the results 
which we have obtained I am not able to say at the present time. 

We were quite impressed at the time of surgery by tlie ability of this operative 
procedure to control regurgitation. Despite our rather high operative mortality from 
ventricular fibrillation, we were rather reluctant to discontinue the procedure because it 
apparently offered some hope to a group of de.sperately sick patients. 

An example of one of these patients is exemplified by this x-ray (slide). This pa¬ 
tient required 3 months of hospitalization and intensive medical management to be brought 
into a reasonable cardiac compensation. Because of our prior experience with ventricular 
fibrillation in this type patient, she was operated upon using a pump-oxygenator by 
diverting onlj^ part of the cardiac output. With the blood continuing to return to tlie 
left atrium we were able to determine the degree of regurgitation more efficiently. The 
patient did survive the operative procedure despite a bout of fibrillation and a dramatic 
result ensued. Whereas previously she had been completely bedridden, within 3 months 
she was doing all of her housework. In addition, due to inadequate advice to the local 
physician, she was on a regular diet and off digitalis. Approximately G months after 
surgery, symptoms recurred and a progressive downhill course ensued. She was hospitalized 
and an autopsy fortunately was obtained. 

I think this slide speaks for itself (purse string lying free in atrial cavitj' over one- 
half circumference). 

There is one observation Dr. Kent made which I should like to amplify briefly. It 
was impressive at the time of placement of the purse-string suture to observe the relation- 
sliip between the degree of regurgitation and the arterial blood pressure. Usually the 
blood pressure was quite low initially. As the purse string was tightened, the arterial 
blood pressure rose and the regurgitation would reappear or increase. Further tightening 
of the purse string would control the regurgitation but, as the arterial pressure rose further, 
the same phenomenon would take place. It was not until a normal systemic pressure had 
been obtained that we would be sure of the control of the regurgitation. I think this 
observation, is pertinent to open operative correction of mitral regurgitation, for when the 
left ventricle is not completely filled, so that the intraventricular pressure does not reach 
normal levels, the degree of regurgitation may be vei^' difficult to estimate. A false 
sense of securitv may result from merely tiie visual correction of the regurgitation. 



TECHNICAL CONSIDERATIONS IN DECORTICATION FOR 
THE PLEURAL COMPLICATIONS OF PULMONARY 
TUBERCULOSIS 

Paul C Samson, AI D, Duane L Met nil, M D (by ini itatwn), David / 
Dugan, M D , Oakland, Calif , E / 'Shabait, Ai D (by invitation) 
Liveinioie, Calif, James Yee, iM D (by invitation), Oakland 
Calif, and Louis /!/ Ba\ bet, AID (by invitation), 

Piench Camp, Calif 


T he modfrx eia of decoitication foi plemal complications in tnbeieulosis 
mat be said piopoilv to date fiom the end of 'W oild W ai 11 Tming the 
war, the pa thologi of organizing beiiiothoi ax was finalh settled Slam tlioiaoic 
surgeons letiiined to citilian life with a consideiablc backgioiind expeiience in 
decoitication for organizing hcinothoia\ and post tiaiiniatic emptema In le 
focusing their attention on peacetime piusuits, it was onlv natiual that lenewcd 
inteiest developed in treating the unc\pandable lung m tuboiculosis ns well as 
in tuberculous empvcma 

Another advance of the greatest impoitance likewise soon appealed the 
development of specific cheinothciapv foi tubciculosis As this diseoveiv le 
lated to decoitication, it meant that the pi eveiition of invasive tiibereiiloiis in 
fo ction mn dn singnir safe in a con taminated field, thu s enliaiiciiig the value of 
on eiatne pincpdiircg nlia nih-pin ied tcclinicallv ndciji iate ' 

Dining the past decade a number of impoitant contiibutoiv articles have 
appeared on decortication in tnbeieulosis" •' 


P VTHOLOGy 


'While It was oiiginallv considered that the fibioblastic leacfion in the 
plcuial cavitv (and the eventual development of a "peel”) was in sonic wav a 
specific response to the presence ot blood, it beeanie lapidlv appaicnt that anv 
insult to the pleuial cavitv would lesult in the same leactioii An, pvogenic 
infection, specific effusions, viial effusions, chvlc, and even neoplasm will elicit 
the same piiman* nonspecific lesponse bv the pleiiia fibiin deposition on the 
esposed plemal surfaces, eailv fibioblastic and angioblastie proliferation 
foimation of a complete inenibranous envelope having both visceial and panel i’ 
eomponents and containing an oi liquid debus Thick oi thin, the fiillv 1 
veloped meinhianc oi peel in each cise is composed of adult tissue lelati ly 
pool both III blood siipplv and nuclei 


I'roiiT the Ihor'iclc Surgical Scr\ Icea of Hlghl inO Alameda Count} Hosoltal nun»l 
llcrrJtt Hospital Peralta Ho«ipltnl Oakland Calif The ^ elerans Adnunlatration T^ tnitaiti 
Livermore and Oakland Calif Tlic San Joaquin General Hospital French Camp Cai r ^ 

Head at the Thirtj oiclith Vnnual Alectlnp of The tmerlcan V^tociatlon foi Tlioracfc 
Surpen at Boston Maas Mn> 16 IS 1958 laoractc 
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The mie roseopic evidence of tubereulo-gs infection is most fi-cquently toi md 
along_ tiie inner or closed surface ot the envelope away,.£rom the pleura e (Fig'. 1). 

sekl2mseerLinya4h is the membrane o r p eel itself unless Dip is 

] an exten sion outward from a piilmonarv lesi on. Therefore, the cleavage line 
-p^ veen peel and pleura can nearly always be dcvclop eif ^tliont distinFiiwh e 
fctr rttrereiilous infection within the envelop e. In aclclition, adeqnate_dimn±hjerapy 
de coys the microscopic pic ture of specificity in an empyema in the ma.j oritr of 
inspirces--eQhichient with the disappearance of tubercle bacilli from the fluid 
(Pig. 2). This is a further and ver 3 ’- important safetA’- factor du ring am i fol¬ 
lowing surgejw. ' 

V 

MATERIAL 


During the 10-year period ending early in 1057, a total of 237 significant 
decortications were performed on the Thoracic Surgical Services of the indicated 
institutions. Nearlj^' all of these were performed by the authors, except at Iligh- 
land-Alameda Countv Hospital where at least half were done Iw former resi¬ 
dents. 

Of the 237 operations, decortication urns the main procedure in 104, and an 
incidental but important ad.iunet to resection in 133. 

Among the 104 patients, 39 operations were performed for unexpanded 
lung due to pneumothorax or pleural effusion; 6 for “false re-expansion”; 7 
for pyogenic, 35 for pure tuberculosis, and 17 for mixed infection empj’-ema. In 
this group, there Avere additional resections in 30 cases (4 of these with con¬ 
comitant thoracoplasty) and adjunctive tailoring thoracoplasties (both con- 
(Comitant and postdecortication in another 13 eases). 

Among the 133 patients, no thoracoplasty Avas performed in 60 per cent: 
a pi’ereseetion thoracoplastA^ Avas performed in 18 per cent, a concomitant 
thoracoplasty in 13 per cent, and a postroseetion thoracoplasty in 9 per cent. 


INDICATIONS 

The rationale of decortication in tuberculosis needs but brief comment. 

intrapleural ■sp ace, r emoval of infectio n. rg:£Apansiott-oC 
Inno;^ and h emithoracic restitution Avith as near normal mobility as possible are 


The in dications are various: t he uncxpaiidable 2 img, folloAving pneumo¬ 
thorax therap3^ or priraar.A’- pleural effusion; the, ,MfalsjL..f.Ciexpansion”; j ntrm 
pleural empA'cma, py onenic, nurc tuberc ulous, or.mixed; and finally' the iilCB- 
rlA T^te^l rlonm-ttr-ntimi neccssarv Avith-jnnm- p a. venchymal res ections for l)ettcr re- 

^'"^''TheS^m^in addition, ^tain miscellaneous indications for decortication 
because of postreseetion complications. These arise rarely but are important 
in the individual case. Reaikation-4hat-a-typeAlfjdfi£ml^^ 
inrlncQ-tli £»_snTP'eon to embark oii -a-hi ghV snec .£SsfnLj ialyage _ opeiat ion. In.lii.*^ 
case of occult fistula, for instance, a.jiMlLe mpvema may be reuip yadja:^- 
tr anlenral rlpcnrHcation of the empyeni a- au(L- 3 ~am mp . utation oJ . - . tJ . c —Jioncjia 
/I?;™ QA A ■r>r,Mr>npmTinnpctmiiA7 pyi-i-nAAcma has heendikfi AA U Sft - rc nRW^u 


s tumps - (Fig. 3). A postpueumonect orny. 



FIk. 2.—Puri; txjbcrculous rnipycmn. PhotomlcroKraph of cross section of pool x30. 
shoninp Inner suifaoe of ompjema caNltj. This piticnt litnl prolonfjod choniollioritp\ julor to 
operation. One secs only n nonspocHlo inflaminntorj’ reaction All evident e of specific tuber¬ 
culous infection has no%v tlls.ipjH‘arod. 
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Jnj^o. One patient in our series iiad three decortications because of aiM^ts 
a nd intrapleural infectio n fo llowing ri^it upper lobect omy. The evoritmil vp. 
suit was satisfactoiy. l^streseetion intrapleural hemorrhage with organizatimi 
is also a well-known indication. ~ '— -— 



Pig:. 3.—-V patient witli positive sputum which developed 4 years followinir left upper 
lobectomy and thoracoplasty performed elsewhere. The I'outine PA roentgenogram is unre¬ 
vealing. The bronchogram demonstrates an occult fistula and empyema. Extrapleural ex¬ 
enteration of empyema witii decortication and revision of the left upper lobe bronchial stump 
resulted in cure. (Prom Men'iii, D. L, and Samson. P. C.; Am. Rev. Tuberc. 77: 561. 1958.) 


PREOPEBATIVE STUDIES 


The final decision as to procedure depends upon tlie status of the under- 
Ijung lung and tliis makes decortication in tuberculosis more complicated tlian , 
when performed in other situations. It also means that frequently decortication 
may not ])e the sole operation, but is performed in conjunction with resection 
and/or thoracoplasty. 

The status of the underlying lung must be studied in detail. Complete 
review of serial films, tomographj’-, broncho.scopy, and bronchograms may all 
be indicated before a decLsion is reached. If the tuberculosis is inactive and 
originally not of great extent, it may be presumed that the lung can re-expand 
quite well. Decortication alone will then probably suffice. However, poor re¬ 
expansion may be expected in the presence of a high-grade stenosis of the main- 
stem bronchus and this may well be a conti'aindication to decortication. If 
there is active lobar disease or old pulmonary fibrosis, resection and/or tho¬ 
racoplasty may be necessary in addition to decortication. Of course, a destioyed 
lung with pleural complications should be removed by the technique of jileuio- 
pneumonectomy. 

Bronchograms are frequently valuable, but must be interpreted with caie. 

In the absence of clinical symptoms, the widening and blunting of bronchi in 
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a collapsed lobe nw} not be aiiatoimeaDy permanent bionchiectasis but mas be _ 
Iesersiblc on ie-c\pansion following dccoitieation (Fig 4) 



Pifir -I-—Pure tuberculous empjemT Pro '»n I poetdccortlcatlon hroncho^rrams sbowlnt 
rc\eTBat of broncUleetasts In left loner lobe There were no clinical symptoms ot bronchi 
eciaals at any time (From Mornil D ami Samson P C Vm Rc\ Tuberc ’ll nfl 
1958 ) 


OITR ALL SURGICtL CONCrpT'j 


The exact older of the concomitant opeiations most often applied in t« 
berculosis depends upon nbat is eonsidcicd to be tbc main pathologic disoider 
In eases of emnseina ni iinexpandabln lung, decortication is the primal s op 
eiation and the first procedure undeitaken On the otbei band, icscetioii of 


some tvpc max be Tiiocccded xsitl 


iigclegiec then 


(as a senarate on ciatinnl lips been undcitaklin sshen ud'ment int 
fan ’ ’ lift inadcmutcls hil the hcmit lioiax 

11 can likewise hcl in minoi s , 

I bcliese this lias been used with incicased ficqucncx m the past ’ 
Certain suigieal pimciples base exohed in oui clmics which 
types of decortication Nonflammable ancstbcsia is used This all 
plojTnent of the electrocoagulation which is a great timesaxei in man 
m winch multiple aieas of punctate bleeding aie jnesent The sta 


preach is postciolateial, rcmoxing the fifth or sixth iih AVe ])iefci 
a rib because x\e belicxc that a moic scciuc chest wall elosuie can bo p 
In gcneial fine nonabsorbable sutuie material is used throughout If 
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Jnji^o. One patient in our series }iad Oiree decortications because of a irl^s 
a nd intrapleural infectio n fo llowino; rigiit upper lobect omy. The evnntval vp. 
suit was satisfaetoiy. Po stresection intrapleural hemorrha ge with organization 
is also a ■well-known indication. ^ ---- 



Fig 3—A patient Mitli positi\e sputum nJiicJi developed 4 years following left upper 
lobectomy and thoracoplasty performed else'\here. The routine PA roentgenogram is unre- 
\ealing. The bronehogram demonstrates an occult fistula and empyema. Extrapleural e.\- 
enteration of empjema vith decortication and revision of the left upper lobe bronchial stump 
resulted in cure (From Men-ill, D. L, ana Samson P. c. Am. Rev. Tubeic. "T: 561 1958 ) 


PEEOPFRATIVE STUDIES 


The final decision as to procedure depends upon the .status of the under¬ 
ling lung and this makes decortication in tuberculosis more complicated than 
when performed in otlier situations. It also means that frequently decoi’tication 
may not be the sole operation, but is performed in conjunction with resection 
and/or thoracoplasty. 

The status of the underlying lung must be studied in detail. Complete 
revieAv of serial films, tomograplnq bronclioseopy, and bronchograms may all 
be indicated before a decision is reached. If the tuberculosis is inactive and 
originally not of great extent, it may be presumed that the lung can re-expand 
quite well. Decortication alone will then probably suffice. Hoivever, poor re¬ 
expansion may be expected in the presence of a high-giade stenosis of the main- 
stem bronchus and this may well be a conti'aindieation to decortication. If 
there is active lobar disease or old pulmonary fibrosis, resection and/or tlio- 
raeoplastv may be necessary in addition to decortication. Of course, a destroj ed 
lung with pleural complications should be removed by the technique of pleuro- 
pneumonectomy. 

Bronchograms are frequently valuable, but must be interpreted Avith caie. 
In the absence of clinical symptoms, the Avidening and blunting of bronchi in 
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a collapsed lobe may not bo anatomically permanent broneliiectasis but may be 
reversible on re-expansion following decortication (Fig. 4). 



4 —Pure tuberculous enip>ema. Pre- anrt postdecortlcatlon broncbofframs sliowlnjr 
reversal ot “bronchicctasiV in left louer lobe There ^Ncre no clinical symptoms of bronchi- 
CiV D 1* S*\«\sori, P C Xrw Tu.be.C'C I?! 

1968 } 


OVER-ALL SURGICAL CONCEPTS 


The exact orclci of tlio concomitant operations most often applied in tu 
beicnlosis depends upon what is considered to bo tlie main pathologic disorder 
In cases of emnvpmn, nv uncv n andahle lung, decortication is the primary op ¬ 
era tion and the first urocedurc underta ken 
so me t>T)e may ' 
acts as a supple 
t^racoplasty is 

QuatelfoUowing _ 


On the other hand 


i lii. iU 


th e tailoring thoraconlastv has lieen a snhsen— 
was not satisfactory (see Figs 17-18). llai 
(as a separate ou erationl h as been undertakl 
fair certainty that the Iiing would iiiadcniiateh 




v csection of 
legree t hen 
lit 
0 - 

in some instance s 
sion 
asty 
,vith I 


Postqueratiyc pneiimoppritnneuni can likewise help in minor space probl ems. 
I believe this EaT been used with increased frequency in the past 2 or 3 years 
Certain surgical principles liavc evolved in our clinics which apply to all 
types of decortication. Nonflammable anesthesia is used. Tliis allows the em¬ 
ployment of the electrocoagulation which is a great timesaver in many instances 
in which mnltiplc areas of punctate blc'cding are piesent. The standard ap¬ 
proach is posterolateral, removing the fifth or sixth rib AVo piefer to remove 
a rib because we believe that a moi-e secure ciiest wail closuie can be peiformcd. 
In general, fine nonabsoibable suture material is used througbout. If raw lung 
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One patient in our series had three decortications because of air'I^s 
a nd intrapleural infectio n fo llowing rigTit upper lobect omy. Tlie eveoDinl 
suit was satisfaetorv. l^stresection intrapleural hemorrhage with oro-amVaOnn 
is also a n ell-known indic^ion. ~~ ----■ 



Fig 3—Ai. patient ^^lth positne sputum ^^hlch tle\eloped i years following left uppei 
lobectoiii% and tlioracoplast\ performed elsewheie The loutine PA roentgenogram is unre- 
\ealmg The bronchogram demonstrates an oceult fistula and empyema Uxtrapleural ex¬ 
enteration of empjema nitli decoitication and re\ision of the left upper lobe bronchial stump 
resulted in cure (From Jlenill, D U. and Samson P C Am. Re\. Tubeic. 77 : 561 1958 ) 


PREOPERATIt'E STUDIES 


The final decision as to procedure depends upon the status of the under¬ 
hung lung and this makes decortication in tuberculosis more complicated than 
when performed in other situations. It also means that frequently decortication 
may not he the sole operation, hut is performed in conjunction ivith resection 
and/or thoracoplasty. 

The status of the underlying lung must be studied in detail. Complete 
review of serial films, tomography, bronchoscopy, and hronchograms may all 
be indicated before a decision is reached. If the tuberculosis is inactive and 
originally not of great extent, it may be piesumed that the lung can re-expand 
quite well. Decortication alone will then probably suffice However, poor re¬ 
expansion may be expected in the presence of a high-grade stenosis of the main- 
stem bronchus and this may well be a contraindication to decortication. If 
there is active lobar disease or old pulmonary fibrosis, resection and/or tho¬ 
racoplasty may be necessary in addition to decoi'tication. Of eoui’se, a destroyed 
limg with pleural complications should be removed by the technique of pleuro- 
pneumonectomy. 

Bronehograms are frequently valuable, but must be interpreted with care. 
In the absence of clinical sjouptoms, the widening and blunting of bronchi in 
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a collap.sed lobe may not be anatomically permanent bioncbieotasis biit may be _ 
reversible on le-expansion following decortication (Fig. 4). 



Fjg 4—Pure tuberculous cnipvema Pre- and postdecortication bronchoRranis shoTvintr 
reversal of “bronchiectasis’ in left lower lobe There were no clinical sj-niptoma of bronchi¬ 
ectasis nt any time (From Merrill, D. L,. and Samson. P C Am Re\ Tuberc 77: ’5G1. 
1958.) 


0^’ER-ALL SURGICAL CONCEPTS 


The exact order of the concomitant operations most often applied in tu¬ 
berculosis depends upon wiiat i.s considered to be the main pathologic disoider. 
In eases of empyomn. nr iinp\-pniidal)le lung, dccoiticatioii i.s the primaiy op ¬ 
er ation and the first nrocedurc nndeita ken. On the other hand, r esection of 
so me type may he nroceedprl with fiist and dccortiea tKm nf-va.rviu g degree t hen 
acts as a snpnlemental operat ion U.sually the decision roiicorning a concomitan t 
thoracoplasty is delayed until it is see n whether milinonarv le G.xnaiision is ad c- 
a‘uat fi~following clecoitieatioii and/or resection (.see Fig. 16 ) C^ In .sonic instance s 
the tailori ng thor.seotilnstv ii.n! been n siibseniient oneiation when rc-cxpniisi on 
was not satisfactory (see Figs 17-18) Ra rely, a pi eliminary thoraconla stv 
(as a senarate on eraUonl h as been niideitakLt when judgment indicat ed will) 
fair certainty that the lung would mndegiiately fill the hemit horax. 

Postope rative pneinnnppiitniieiiin can likewise licln in minor snaec probl ems 
I helieve~thisniaTbeen used witli increased frequency in the past 2 or 3 sears 

Certain surgical principles hayc evolyed in onr elinies wliieli apply to all 
types of decortication. Nonflammable anesthesia is used Tin's allows the em¬ 
ployment of the electrocoagulation which is a "teat timesaver in many instances 
in which multiple areas of ))iuietate bleeding are present. The standard ap¬ 
proach is posterolateral, removing the fifth or sixth rib WV'piefor to remo%e 
a rib hecanse we believe that a mote scente chest wall elosm. v I < "ormed. 
In general, fine nonabsorhahlo suture material is used th luiig 











436 SAMSON, MERRILL, DUGAN, SHABART, YEE, BARBER J. ThoracicSurg. 

September, I9S8 

tissue needs to be repaired, we employ fine eatgut on an atraumatic needle. At 
least two right-angle drainage tubes of from 36 to 40 Fr. are used, one an¬ 
teriorly in the second interspace and one posterolaterally in the eighth inter¬ 
space. Occasionally a third and posterior tube is used, particularly Avhen the 
superior segment of the lower lobe has been removed. If numerous small lung 
leaks pei’sist, some type of suction must lie employed and we have become ac¬ 
customed to the use of high-vacuum, high-flow suction drainage with a n-egative 
pressure available, of from 25 to 50 cm. of water. Admittedly, there is con¬ 
tinuing discussion that higli, negatiAm intrapleural pressures may help main¬ 
tain fistulas. It is our present belief that this may well be true of hroncMnl 
fistula, but not of multiple small air leaks. Iligh-vaeuum suction seems the 
best means of obtaining prompt pulmonary re-expansion iinder the latter cir¬ 
cumstances. Roe’® has recently considered these matters at length. 

General standards have been set up in earing for the chest wall in eases of 
prior di'ainage. .Sinuses, including pleurocutaneous flap drainages of the 
Eloesser type, are excised down to the ribs, dissected loose, and turned in so 
they may be remoA’ed by the later intrathoracic operation. Tlie chest wall is 
then closed in layers over these areas, instimments, gowns, and gloves changed, 
and the main thoracotomy incision made under sterile conditions. In the case of 
tube tracks Avhich are expected to be in the proper place for drainage following 
operation, these may likewise be excised to remove sear tissue. However, Ave 
have not disturbed the more recent ones and haA'c used the same drainage sites 
folloAAung decortication. 

Recently, hypothermia has been used on several patients AAdmse vital 
capacity aa^s extremely Ioav and AAdien it AA'as hoped decoification Avould improA'e 
A’'entilator.v reserve (see Figs. 12-13). Within the past fcAv months, BrcAver and 
King“ have independently reported on a similar use of this modality. 

Proper antituberculosis drug coverage is of the greatest importance Avhen 
the pleural and/or pulmonary disease is or has been infectious. If the organisms 
are sensitwe, or if no tubercle bacilli are found,~1he standard drugs are contin¬ 
ued through surgery and for many months thereafter. Streptomycin is placed 
in the pleural cavity only Avhen there has been gross contamination, but Ave must 
confess that Ave haA’-e no statistical justification for its use intrapleurally. When 
the tubercle bacilli are resistant to streptomycin, PA.S or INH, Ave consider it 
mandatory to use other drugs. Pyrazinamide, viomycin, or cycloserine are 
generally preferred. The drug of choice is commenced some 14 days before op¬ 
eration and continued from 4 to 6 AA^eeks imstoperatively. In mixed infection 
empyema, sensitivity studies arc performed on the pyogenic organisms present 
and the appropriate antibiotic is then added to the regimen and continued for 
from 7 to 10 days folloAving surgery. 

THE UNEXPAKDABLE LUNG-PNEUJIOTHORAX COAIPLICATIONS 

The nonexpanded lung diie to pneumothorax, or primarA pleuial effusion, 
represents a double hazard to the patient: there is lo.ss of pulmonary function 
Avhieh is at least partly restored by decortication; persistence of a space invites 
infection sooner or later. 
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Decortication iiiider these eircnnistanccs is a simple, effective, and highly 
safe procedure with excellent results. Using the standaid approach, the parietal 
peel i.s incised and the center of the envelope entered directly. Standard visceral 
pleural decortication i.s carried out under intermittent positive pressure by the 
anestheti.st. Depending upon the size of the pocket, its duration, and a previous 
knowledge oi whether the eliest wall is fixed, we may or may not do a parietal 
pleural decortication. It is not loutine as it increases the operating time and the 
bleeding. If the pocket is a lateral one, it is well to separate all areas of ad¬ 
herence between visceral and parietal plenra down to the diaphragm and to the 
hilum so tliat ciicumferential expansion can take place. In most cases of this 
t.vpe, theic has been no need for either resection or thoracoplasty (Pig. 5). 
Rarely, the diseoveiw oi a filirotic, poorly expansile lobe has led us to perform 
a tailoring concomitant thoi acoplast.v. 



PiR- 'j.—PxceHent result from ilecoitication for unexpanduble lunj? follo^vlnff pneumothorax 
therapy of 5 >ears* duration 

Granted that few pneumothoiaces aie induced these da.vs, we sliould never¬ 
theless include a word on the management of the complicated ineffectual pneu¬ 
mothorax. In spite of the most carefid management and carl.v abandonment 
of an ineffective pneumothoiax, there ma.v be prompt fluid formation. B.v im¬ 
plication, the pulmonary disease is almost alwa.vs active. If the lung cannot 
bo immediately re-expanded by aspiration, eaily surgery is indicated. In gen¬ 
eral, thoracotomy viith evacuation of fluid, decortication of the normal lung, and 
possibly lobectomy should give a more satisfactoiy result, altliongh surgical 
drainage of an infected pleural cavit.v may he the preferable alternative. 

If lobectomy is indicated as pait of the procedure lint, hioiielioscopieally, 
the bronehiis is not considered suitable for transection, a '‘“'n, ■ "ra- 

pleural thoracopla.sty ma.v he instituted to help control . as 

well as obliterate the jileiiial cavit.v. Occasionall.v , 
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pneumothorax is ineffective in closing a lobar cavity. Ke-expansion is not 
successful because a fibrous membrane has developed In this situation we 
favor decortication, lobectomy, and possibly concomitant thoracoplasty, or post¬ 
operative pneumoperitoneum. Here, decortication is essential for adequate re¬ 
expansion of the remaining lobe (Pig. 6). 



Jf'ig 6—A techniculh adequate pneuniothoi ax, but theie is a residual caMty in the left 
upper lobe and beginning fluid formation. Postoperative roentgenogram following decorti¬ 
cation, left upper lobectonn, and concomitant thoiacoplasU (ribs 2, 8, 4) 


THE “false EE-EXPAN,SI0K” 

This condition usually has been a complication of pneiunothorax or pri¬ 
mary pleural effusion. Obliteration of the pleural space by mediastinal and 
cardiac shift rather than b,v effective pulmonaiy re-expansion has resulted in 
continued disability because of tension phenomena affecting the heart, thoracic 
parietes, or diaphragm, A calcium plaque may rarely develop. The patients in 
this group have been few but a greater number may well be symptomatic. We 
suggest that a critical review of patients whose pneumothorax has been aban¬ 
doned might turn up an appreciable number of candidates for operation. These 
patients present a varying s;(anptoniatolog.v. Frequently the symptoms are not 
crippling but very annoying. Persisting thoracic discomfort or actual pain, 
made worse by exertion; dyspnea and breathlessness, pressure sensations in the 
chest; chronic fatigue; recurrent formation of fluid; palpitation and tachy¬ 
cardia; and “asthma” have all been recorded. In 1 patient, a systolic 
heart murmur became progressiA'ely louder apparentlj’' due to cardiac torsion 
(Pigs. 7 and 8). On examination, these patients have flattened chests on the 
affected side. The intercostal spaces are narrowed and retracted, and limited 
inspiratory expansion is quite obvious (Pig. 9). In the few patients, decortica¬ 
tion, where employed, has been highly successful; MulvihilP and others have 
likewise operated in similar situations to improve pulmonary function and thus 
allow for needed surgery on contralateral active lesions. 
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At opeiation, tlic peel -will be double lajeied and, in gcneial, the tno layers 
will be adbeient Tbej mai, honeici, be inteiniittenth sepaiated In small 
lacunae of fluid or bj coalesoent ealcinm deposits (Pig 10) The lattei aio 
ahiajs on tlie inside of the envelope and paiietal pleuiectomj niij ivell be 
advisable mIicii dealing iiith oalciiiin so that the ivliole plaque inai bo lemoied in 


I*!? 7— False te expansion following o jc'irs of pneuinotlioi-xx thernp\ Compmmt*? of 
tightness in client and fatigue Progiesslon of sjstolic cardiac murmur from Ginde I to Grade 
n vith re expinsion Follow inj, locoitlcution loss of symptoms anl lUArke 1 referoxston of 
murmur 





Tip 8—Peel from patient shown in Pig " There Is demonstrUed the reflection from 
Msceral to parietal and diaphrnKrnatlc surfaces The fibrous tissue composing the peel was 
rigid and ^olatI\el^ a\ oscular 
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rcZM°boLl”a1r‘‘''' “ 1”"® a no. 

•suecessiul becatise a fibrous membrane has tlevclopecl. In this situation 
avor decortication, loliectomy, and possibly concomitant thoracoplasty or post¬ 
operative pneinuoperilonenm. Here, decortication is essentia] for adequate re- 
expansion ot the remaininq lolie (Pig. 6). ^ 



iMg 6—A teehnic,il\> .idetiu.vle pneumothora-v, but theic is a resulual caMt\ in the left 
Upper lobe and beffinnincr fluid foiniation. Postoperative roentgenogram following decorti¬ 
cation. left uppei lobectomj. concomitant thoracopla'sU (nbs 2. 3, 1) 


THE “false RE-EXPAKSIOK” 

Tilis condition usually lias been a complication of pneumothorax or pri¬ 
mary pleural effusion. Olilitcration of the pleural space by mediastinal and 
cardiac shift rather than by effective inilmonaiy re-expansion has resulted in 
continued disalnlity because of tension plicnomena affecting the heart, thoracic 
parietes, or diaphragm. A calcium plaque may rarely develop. The patients in 
this group have been few but a greater number may well be symptomatic. We 
suggest that a critical review of patients whose pneumothorax has been aban¬ 
doned might turn up an appreciable number of candidates for operation. These 
patients present a var.ving .symptomatology. Frequently the .symptoms are not 
crippling but very annoying. Persisting thoi’acic discomfort or actual pain, 
made worse by exertion; dyspnea and breathlessness; pressure sensations in the 
chest; chi’onic fatigue; recurrent formation of fluid; palpitation and tachy¬ 
cardia; and “a.sthma” have all been recorded. In 1 patient, a systolic 
heart murmur became progressively louder apparently due to cardiac toi’sion 
(Pigs. 7 and 8). On examination, these patients have flattened chests on the 
affected side. The intercostal spaces are narrowed and retracted, and limited 
inspiratory expansion is quite obvious (Pig. 9)- In Uie few patients, decortica¬ 
tion, where employed, has been highly successful; IMnlvihilP and others have 
likewise operated in similar situations to improve pulmonary function and thus 
allow for needed siu’gery on contralateral active lesions. 
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At opeiation, the peel mil be double lajeied and, in geneial, the two Injeis 
Mill be adlierent Thej maj, houeiei, be inteimitteiith sepaiafcd bi small 
lacunae of fluid or hj eoalescont calcium deposits (Fig 10) The latter aie 
always on the inside of the envelope and paiictal plcuieetomj maj ivell be 
adnsable when dealing mtli calcium so that the whole jilaque inai bo leinoied in 



, , 1 Iff — False re expansion fotlo\\ing: ? jears of pneuinothoi the^ 1 P^ Complaints of 

tlffhtness in chest and f-xtlgue Proffre<i«!lon of s}«!tolic cardiac murmur from Grade I to Grade 
IV Mith re t\pan‘ilon Follow In?? Iccoitlcntlon Jo's*? of «symptom<? ml m irkt. 1 rcffrcs^lon of 
murmur 


•yifc'- 



P?*'™* shoivn In Fie " There le demonstrateil the rcaectlon from 
•UanhriBimtlc »urtace>i Tie nhrous tissue composInE the peel n-as 
riBiu anu rpntl\el% avascular 
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Tig 9—Inactive tuberculosis False le-expansion following 16 jears of pneumothoi<i\ 
theiap>. Uecoitication A poot radiologic result Clinically, patient has lost all preoperative 
sjTnptoms of dyspnea, thoiacic piessure, taclivcaidia, and frequent colds 



Pig. 10—A woman, aged 48, with presenting complaints of thora 
severe cough, intermittent "asthma,” and intermittent fev’er Artinci 

Gated by fluid 30 years before “False re-expansion.’ ormtampd vi- 

cation of sac containing laige calcivim plaque The scanty fluid in the envelope contained 
able tubercle bacilli Today she is w ithout symptoms. 
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toto rather tlian piecemeal. En masse removal is much to be preferred since 
it is almostjmpossihle entii;elj^t^ remove the calcium bit by bit. Eemaining 
pieces act as foreign bodies and infections coinplications are certainly moi’o 
frequent under these eircumstanees 


! EXTRAPLCURAl. 
: APPROACHES 


TORNlNfi TMe CORNER; 
TRUE VISCERAL PLEURAL 
HECORTtCATtON- 



Fiff H.—Diagrammatic sketch of surgical approaches On the left Is Oomonstratecl the 
principle of extraparietal pleural dissection for tlic prelltmnaiy fieemg of an empyema sac. 
or the dlrr"* - . Qn therUR lit Is demonstrated 

a chaoce_l . ■ .... • • of the narietnl ple ura^'* ^ the. 

■■ ihi n .inti the envelope removed 


en 


orner. ” 
n nias<! 




has made tiie greatest difference in tlie tieatment of empyema. 

In ac ute pyogenic emp yema, it has generally been considered proper to 
perf orm a preliminary surgical draina ge. The emn vema mitdit u-ell lice ome 
ob literated , but tins lias been rare in mmi_ex ncriencc wlicn tlic Dvoucnic inf ection 
was a complication of an established Tmeiiiiio tliorax. IlecorticaJion.^ivoHld-tlien 
bo neee .s.sarv after tl ii)_nmp\iAm:tJiafUipjoine-.st.-ihilizRd (Figs. 12 and 13). In se¬ 
lected instances, we believe that primarj- tlioiacotoray and decortication without 
preliminary drainage is a logical procedure. 

Ill nhrmiie empyema from whatever source, one has hut tn i-ememli pr the 
def orming cxtranleural and Sclicde thoracoplasties of vestervear to realize h ow 
much _hetter off are these natienhs tod ay. The sur gical management nf ebr nni'e 


EMPYgy 

Decortication 
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^ ,?•—Ir'actiye tuberculosis. False re^expansion following: 16 years of pneumothorax 
therapy. JJecortication. A poor radlologric result. Clinically, patient has lost all preoperative 
symptoms of dyspnea, thoracic pressure, tachycardia, and frequent colds. 






Fig. 10.—A woman, aged 48, with presenting complaints of thoracic 
severe cough, intermittent ‘‘astlima,’’ anti intermittent fever. Artificial pneumotliora^ 
cated by fluid .SO years before. “False re-expansion.” Extrapleural exenteration and decorti¬ 
cation of sac containing large calcium plaque. The scanty fluid in the envelope contained ^ 
able tubercle bacilli. Today she is ivithout symptoms. 
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toto rather Jlian piecemeal._ En masse removal is mncli to be preferred since 
it is almost impossible entir^y to remove the calcium bit by bit. Remaining 
pieces act as foreign bodies and infectious complications are certainly more 
frequent under these eircumstanecs. 



has made the greatest difference in the fieatment of omp.vema. 

In ac ute pyogenic emp yema, it lias generally been considered nronor to 
perf orm a preliminary surgical drnina KC. The ciini vcma might well beco me 
ob literated , but this has been rare i iLOimat periencc when the nvoaeiiic infe ction 
was a complication of an established nnciimo tbora.x. Il£carticalion.jvoHld-t}icn 
be neco .ssarv afte r-tbp_ em pvcm.-iJiat l Ji ec nm emtabilizcd (Pigs. 12 and 13). In se¬ 
lected instances, we believe that pi'imary tboiaeotomy and decortication without 
preliminary drainage is a logical procedure. 

In cbionic enip\-e ni,s from ■'vliatcver source, one has but to Teiiiemli er the 
def orming extrapleural and Seliede thoracoplasties of vcstervcai- to realize ho w 
mue h_l)ctter off are these nntients tod ay. The su rgical management of ebr nnie 


^EMPVKi 

Decortication 
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the principle of attemp ting to remove th e 
ant m empyema sac or envelope without ojyemnp or smll^nlkp r.nntp,n ts. It, is 
miipiisiiig liow ollen tins can be aceoiniilisliecl even witii" an wnpyema of 20 
years’ duration. Tliis basic teclinicjue as stiessed by Weinberg^ and others was 
first independently employed by us in mid-1947 (Fig. 11). 



Fiff 12—A 43-}ear-old man with inactue tuberculosis Right bilobectomy and concomi¬ 
tant thoiacoplast} 4 }ears before Left pneumothorax complicated b} pyogenic infection pre- 
\iousiv drained Patient d.ispneic on slightest exertion Resting pulse frequently over 100 
Left chest fixed Under hypotheunia, extrapleural exenteiation of empyema and decortica¬ 
tion During the 5-liout operation, the pulse ateraged 70 At present, the patient’s left thoiax 
IS movable and without draining sinuses He is not dispneic on moderate exeition 



Pig 13—Cross section of peel from patient dcmonstiated m Fig 12 The parietal seg¬ 
ment (below) was mobilized extiapleurally The “cornei (to the 
incising' the parietal pleura anti de\ eloping: a line of clea\ag:e between visceral pleu 
peel (abo\e). 


On the chest wall side, tlie parietal pleura is removed with the peel most 
of the time, a fact not generally appreciated A xially, we do parietal p^il , 6 c- 
toiny from nrefereiice liecanse a cleaAmgc plane is far more easily develop ed 
extr apleurallv than it is Botwoon pleura and neel; like vdse . there is niuch _less 
a nce of bi on kino int.n tlie env eloue. Wi th the oute r portion of the empj ei na 
c comnletelv freed f iom tlie ehesL Atmll. t here is sometim es d ifficu l ty becaus e of 



FIp H—Chronic tuberculous empyemn of 4 duration This vns the earliest of 

our en bloc exenterations of nn empjema sac Porfoimrd Vprll 4 1947 Tlu^rt was no 
cbemotherap) cinploj ed 



Hh 15—Opened n edlnstlnal aspect of ctnpACin c fro ent sloun In Up 11 

showinp the rouph and pranuHr aj pcarancc of tl aur lie en\ elope Micro 

scopicall> tills peel show cl extensive tuberculous ^ 


J. 1 horacic Surg- 
September, 1958 



■?> 


Fiff. IG.—Far-advanced inactive tuberculosis with librotic right upper lobe. Left extra¬ 
pleural oleothorax. Right mixed infection empyema; pneirmoHvortmT—LS-^^rs; tuberculous 
empyema, 13 years: pyogenic invasion. 3 months, controlled by aspiration and antibiotic in¬ 
jection. Total en bloc removal of empyema sac without spillage, and c oncomitant thora coplas- 



Fig. 17.—Pure tuberculous empj'ema of S years ^“'^^ipn. 9? ex' 

Extrapleural removal of empyema sac with \y>see wl deffortication waed 
pansion. A i;pnr.ndpi-Y tiinr n<-npi!it!ty was s uccessful in ob literating tlie .- at uc a J—packet. 







or pnrict'xl 
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f ullness of the sac. A bit of technique sometimes forgotten is to plunge a large- 
bore needle with suction attached into the empj^ema cavity and remove fluid 
and/or air to the greatest extent possible. This will collapse the sac and there¬ 
after there Avill be plenty of room to work The cj-itical p oint of th e operati on 
employing pleurectomy is recognition of the exact^line wh e re t he t wo pleurae 




Pig 20.—The surgical specimen from patient shown m Fig 19. A, Meaiastinal (visceral 
pleural) aspect of empyema sac B, Interior of sac sho^\lng shaggy fibrin and amorphous 
debris 









Fig 21_Destroyed lung and empjema sac remo\ed togethm en masse bj extrapleuia 

' proach and pleuropneumonectomy 
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Fig 22—IVe- and postoperatuc loentgenogram^ of a patient nho Iiatl left lower ]obet« 
tonn and Incidental decoitfeation of the left uppei lobe Tlio pieoperatlve film gi\es no liln 
ns to the extent of the peel 



Pig J3.—The peel from patient ‘«ho«n in Fig 22. It is 2 mm in thickness, firm nnd 
inelastic Satisfactorj re-e\pansion of the left upper lobe A\ould lia\e been Impossible ^\ithou^ 
adequate decortication 


filled witli pus may bo totaliy remoted rxom the thoinpi> pntifv without Jen k- 
ago of conten ts Tiie a dvantages. paitic Mla7lr, in fiilinnm)m>o-in£a^finno are 
ohrious (Pigs 32-20). A natural o.\tcnsioii of tills means of tieating emnvcma 
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recorded in 104 cases (78 per cent). The complications in 26 cases (19.7 per 
cent) were considered primarily the result of the resection ratlicr than of 
the decortication. 

Unfortunately, we cannot present a large number of pro- and post¬ 
operative pulmonary function studies. In the past,i‘’ a fear lias been ex¬ 
pressed that some poorly expansible lungs might actually be a detriment to 
the patient, postdecortication, because of decreased ability to oxygenate blood. 
We have seen no patient in which this became clinically evident. Jt is our 
belief that living aerating lung, even though poor functionally, is a better 
“filler” for the hemithorax than are inert plastics or organizing blood and 
serum. 


SUMMARY 

1. A study has been made of 237 patients undergoing decortication dur¬ 
ing the past 10 yoaz's. Jn 104 of tho.se, deeortieatio 2 i wns the main opcvatioii; 
in 133, it was incidental but an impoi-tant adjunct to the more major re¬ 
section.^ The over-all mortality was low Cg.O per cent) and tJie results gen¬ 
erally satisfactorily. 

2. Relief of thoracic discomfort and dyspnea, removal of sources of 
actual or potential infection, and adequate hemithoracic restitution were 
recorded in 77 per cent. 

3. Decortication has been indicated in the following general classifica¬ 
tions : the uncxpandable lung due to long-tei-m pneumothorax therapy, o r 
n nmarv plemvnl effiiRi on; the “fa lse re-expans ion”: nvogenic. nure Wbcrculo us. 
a nd mixed infection empye ma; dee.oi dicatinn ineidont to resec tion. 

4. The technical details of deeoilieation in the various categories have 
been described. 

5. It has been stressed that fr equently dccoidication may necessarily be 

combined with pubnbnary resection and/or thoracopla sty dep ending \i^ m 
the s gtTus underlying hnig (b»- onchial stcno.s is, filn-osi s. active tub er¬ 

c ulous infect ion, c linically evident bronchiecl asis). 

6. Properly employed, decortication with oi- without ])ai'ietal pleurectomy 
has proved itself a safe and effective procedure in treating the pleural com¬ 
plications of pulmonary tuberciTlosis. 
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DISCUSS^O^ 

DE JOSEPH GORDOb., Albuqui-rquc, N M—I should hhe to carry on the dis 
cussion winch vou have just heard regarding the thin membranous peel reported in some 
ty'pes of c ISOS In decortication done for re expansion, if the cortical peel js not earned 
dovrn to the viscoial pleural surface tins thin membranous material, that looks almost 
(xactlv like visceral pleura, nny be left behind and the jc expansion is not neirly so 
good When this membranous peel is removed, unfolding of the lung occurs, yielding 
maximum inflation I should like to show some slides of this thin membranous material 

Dr Samson showed in his second slide the thick visceral cortical peel removed, and 
evident in only one area was a portion of the small, thin membranous material 

(slide) In this particular slide, we show the dense cortical peel and the thin mem 
brane which you can readih see 

(slide) In thi-i next slide is shown the thin membrane that is removed separatelv 
showing a moderate amount of elastica 

(slide) On further examination of this peel, m tlio next slide, v\e •'ce these pleural 
clefts, large oNoid space in which there is a group of cells vs Inch are mescnchvmal in 
origin This is tlio thing which in niv opinion is responsible for the development of an 
unexpaiidable lung The details of the method by which the lung remains unexpanded 
have not been tlioroughlv explained Iho pninarv development of this membrane over 
the collapsed lung is apparently the cause 

(slide) One can see another of the clear spaces with the small blood vessels con 
tamed therein IJicse mesenchvmal cells tlierefoie are not arising from the blood vessel 
itself but are a sepaiate entity 

There apparently is some trigger mechanism which is not vet clear and which, when 
the lung IS under collapse, apparently causes tins membranous material to develop Ihis 
thin membrane, not unlike tlie visceral pleura, holds the lung down so that it cannot 
re expand From this point onward it is easy to explain wliv we ha e the development 
of a dense cortical peel Tlie fibrin organises mto fibrous tissue and the lung is obliged 
to remain down But, in order for this to occur, it is necessary for something to prevent 
the lung from fully re c\i>anding as it norinnllv would The inombranous development 
may happen whether it is n hemothorax, whether it is a pyogenic empyema, wliether it is 
longstanding pneumothorax with the presence or absence of fluid I bring this to ntten 
tion so that it might be giv tn furtlier study in other are is 

DR ELAIEE P R AfALRER, Cincinnati, Ohio—I would like to emphasize the 
superiority of complete extirpation tcchnupie over that of simple decortication Mv 
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associate, Dr. Mendez, and myself during the past 5 years have preferred complete ex- 
cision of the pleural pocket, regardless of the etiological background. I would like to 
show a few slides to illustrate the method. 

(slide) This individual had a massive librohydrothorax of several years’ duration, 
(slide) This shows the complete pocket. We make the same effort as described by 
Dr. Samson to free the pocket in the extrapleural plane from the thoracic parietes all 
the way around to the midpleural reflection. We also free it from the diaphragm and 
then deliver the pocket with the attached lung out through the chest incision. If the 
lung is then placed on positive pressure it can be used as a “dissecting board” for con¬ 
ventional decortication. 

This slide shows the pulmonary aspect of the hydrothorax pocket; (slide) the chest 
wall aspect; (slide) postoperative film 10 daj’s after operation. 

(slide) This is a massive infected oleothorax, instituted therapeutically in 1940 
and removed by us in 1953. The tremendous size of the pocket is obvious. 

(slide) A tuberculous empyema which was completely removed. 

(slide) Chest wall surface of a large pocket, the etiology of which we did not know 
until it was completely removed. 

(slide) After examination of the specimen in the laboratory, we were extremely 
pleased that we had used the circumferential excision technique because this lesion was 
due to blastomycosis. 

We certainly feel that the technique for complete removal of the pleural pocket is 
surgically sound and attended with minimal blood loss. It obviates contamination that 
would be unavoidable by the conventional decortication procedure and permits more 
rapid and complete return of normal chest wall and lung function. Contamination in 
the last case presented would have been disastrous. 

DR. DAVID H. WATERMAN, Knoxville, Tenn.—As the result of the work of Paul 
Samson and the others who re-introduced decortication during World War II, this pro¬ 
cedure needs no defense before our Association. 

I am particularly gratified that Dr. Samson has had an experience comparable to 
ours in false re-expansion. No residual pleural space need be present in order to do a 
successful decortication, as he pointed out. When we presented our work on decortica¬ 
tion before this Association 2 years ago, we showed that progressive return of pulmonary 
function in such cases would continue to take place over an 18-month period. 

As to empyema, I would like to again pay tribute to the late Dr. Carl Eggers, 
former President of this Association, for his brilliant pioneer work in decortication after 
World War I. He successful!}" performed the same operation wo are doing today in both 
tuberculous and nontuberculous empyema without, of course, the benefit of antibiotic 
protection. 

There was considerable interest manifested in the cases of decortication for malig¬ 
nancy which we included in our series 2 years ago. Of the 5 cases presented, the first 
was done in 1945. Since the report we have performed several cases, one of which I 
should like to present at this time. 

(slide) The patient was a 49-year-old woman who had a 3-month history of progres¬ 
sive dyspnea and chest pain, and who presented herself with this pleural effusion on the 
right side which required repeated aspiration. Cytologic examination of the pleural fluid 
for malignant cells was negative. When the chest was opened to obtain a pleural biopsy, 
the nature of the peel was felt to warrant a decortication. Grossly, the thickened pleura 
was indistinguishable from that found in cases of persistent tuberculous effusion. Micro¬ 
scopically, it was found to be metastatic carcinoma. 

(slide) This is the x-ray of the chest some 5 months after decortication. The 
pleural space is completely obliterated, the right lung appearing quite normal. The pa¬ 
tient is entirely free of symptoms, has gained weight, and is working regularly. The 
primary site of the carcinoma is still not apparent. ■ 

(slide) This is the thick peel removed at decortication, I think you will agree that, 
with such a peel, the effusion would not respond to conservative therapy such as intra¬ 
pleural nitrogen mustard. 


ACHALASIA OF THE ESOPHAGUS: FURTHER THOUGHTS 
ON SURGICAL MANAGEMENT 


JP'm. AT. Tuttle, M.D., Robert T. Crowley, Al.D. (by invitation), and 
Raymond ]. Barrett, Al. D. (by invitation,) Detroit, Alich. 

A chalasia of the esophagus is not a new disease. Purden^ (1821) is usu¬ 
ally thought of as the first to describe it. Hurst," in 1934, stated that 
AVillis had reported a patient, who was obA’iously one with achalasia, over 
a century and a half before Purden’s report. 

As was common to all disordei-s of that type located in portions of the 
body beyond the reach of surgery at that time, nothing was done. Both of 
the reports were made on the basis of autopsy material. 

It required time to come to conclusions on an operative approach. This, 
apparently, came at the turn of the nineteenth and twentieth centuries. 

Throughout the first decade of the twentictli century, various and sundry 
procedures were done, such as plication of the esophagus in an attempt to 
narrow the size of the lumen and, also, the removal of strips of the esophagus 
in the hope of the same result.^' ■■ These were not altogether successful. In 
1910, AVendeP performed an operation in which an incision was carried 
through the entire layer of the lower esophagus and upiior stomach at the 
gastrocardiac junction in a vertical line and then sutured the mucosa and 
the museularis in layers horizont.ally. Such an operative procedure had 
been suggested by Marwendel” some years previously. 

Heller' (1913) suggested and performed an anterior and posterior 
myotomy of the esophagogastric junction. The incision w'as carried only 
to the mucosa. He felt that the double incision was needed, in the fear that 
scarring postoporatively along the incision might well lead to a return of 
symptoms from further narrowing. 

Heyrovsky® (1912) performed an csophagogastrostomy, in which the 
fundus of the stomach was .anastomosed to the esophagus in the side-to-side 
lino. The idea was the result of previous e.xperimcntal woi’k done on ani¬ 
mals. 

In 1915, Girard” performed, on 2 patients, a modification of the Wondel 
type of procedure, in which only the museularis of the upper portion of the 
cardiogastric junction and the lower portion of the esophagus was incised 

From the Surgical Department of Wayne Slate University College of Jlcdlclne and the 
Thoracic Surgery Service, Harper Hospital, Detroit. Mich. 

Read at the Thirty-eiglith Annual Meeting of TJie American Association for Thoracic 
Surgery at Boston. Slass., May 16-18, 1958. 
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down to the mneosa and then the layers wei-c sntured in a transverse direction. 
This, apparently, Avas successful in both instances. Ferdet and Weber*" 
had suggested a similar procedure some 5 years before. Apparently Girard 
did not report his operative approach or his results, and, consequently, tlie 
approach lay buried for a number of years. 

Throughout the remaining tAVo clceades, direct approach to the disease 
coAmred in this discussion Avas, Avith the exception of sporadic attempts, given 
up, and the treatment for achalasia became almost routinely one of bougien¬ 
age and other methods of dilating the eardiogastric sphincter area. As time 
advanced, it became eAudent that dilatation l)y bougienage Avas not ahvays 
the answer to the problem and, while the results of such procedures Avere 
gloAAdng in the earlier reports, they ap])arentl3^ did not completely relieAm, in 
many instances, the individual’s difficulty. In the year 1940, Oehsner and 



Fig. 1. Fig. 2. Pig. 3. 

Fig. 1.—This dtawuig shows the line and position of the incision through the inuscularis. 

Pig. 2.—The incision througii the inuscularis of the esophagus and the muscularis and the 
serosa of the cardia of the stomacli. The incision is actually soniewliat longer than has been 
depicted by the artist. 

Pig. 3.—The extraniucosal layers sutured in a transverse direction. 

DeBakcy“ reported 3 patients operated upon by a direct approach and gave 
an excellent reAuCAV of the literature to that date. The paucity of cases re¬ 
ported from this large clinic Avould indicate that there was not an extensive 
amount of direct surgical approach to achalasia of the esoxihagus being done. 
At the conclusion of World War II, a rCAdvcd interest in this problem ex¬ 
pressed itself, and there Avere at that time numerous reports of Amrious opera¬ 
tive procedures being carried out to allcAuate the obstraetiAm process at the 
loAver end of the esophagus. A long-time folloAV-up of these proeedAires, 
Avhich, at that time, Avere mainly those foIloAving the jjattern of Wendel and 
HeyroA’'sky, Avero not actually reiAorted by the original authors, but a A'^ery 
definite SAving to the Heller type of operative approach Avould lead one to 
believe that the results Avere really not as good as those brought forth in the 
original articles. 



Volume 36 
Number 3 


VCIIALASIA OP ESOPHAGUS 


455 


In oul on 11 experience timing this period fioni 1945 until 1949, opera 
tive proeoduies ui which the entire wall of the esophagus and the stomach 
iveie incised and then siitmod in a transieisc diieetion, oi those in nhich a 
side to side anastomosis betnecn the esophagus and the fundus nas done, 
did not give satisfaetoij end icsiilts The incidence of esopliagitis was high 
and, in seieial instances, ulceiation along the sutiiie line led to heinoirhage 
Tno of these neie fatal In othei patients, it nas necessaix to bieak donii 
the anastomosis, lesoct the loivei end of the esophagus, and do an esophago 
gasti ostomy Ileie too, the lesnlts neie not good Reguigitatioii mth 
esophagitis was fieqiient, and the patient was piobablj inoie uncoinfoitable 
than bofoie the opeiation It was bceaiisc of this, and these unfortunate 
oxpeiiences, that wo loicited to the pioecduit desciibed bj Giiaid in 1915 
At the time the fust of these wcie done we weie not acquainted with Guard’s 
woik 

M VTERUL 

Such an opeiatne appioaeli has now been earned out on 36 indniduals 
All of those people had had sxniptoms foi a number of jeais, the longest 
being appioxiinatclx 30 yeais The last majoiitj, and in the total senes 
duiing Its caily ponod of use had been dilated on eithci one oi numeious 
occasions Latoi oui thinking has been modified in this diieetion that le 
gaidless of dilatation if the esophagus is laigc and sigmoid in elianctei 
such a patient is deemed moie suitable foi the diiect opeiatne appioach 
latliei than attempt at bougienage because of the dangers of splitting the 
esophagus or tearing it in oitliei the intioduetion of the bougie oi fiom the 
pressiiie built up in the laiious hjdiostatic or pneiimostatie bags used in this 
tvpe of dilatation 

RESULTS 

As was stated aboie, 36 patients wcie so opciated upon In 33, the lesiilts 
woio good, in 2, pool, 2 aie dead No classification of “excellent" in the field 
ot lesults IS lepoited heie, because it is the feeluig of the authors that no 
losult 111 esophageal suigeiy can be coiisidcied altogether excellent The 
classification of “good” has been used to mean that the degieo of disphagna 
has been maikedly oi eomplelch lemoicd and that thoio is no eiidcnee of 
icguigitation and esophagitis In the 2 mdnidiials classified as a pool icsult 
the leasoii was that thcie was contimied djsphagia in 1 and in the othei theie 
was a bothersome leflux esophagitis, which latoi lequiied fuithei opeiatne 
pioeediues, namelj, esophageal icscction and esopliagogastiostoiii) The end 
lesiilt in the lattei ease is still a piobleni The patient still Ins esoiihngitis 
and IS, 111 leahtj, while still aim some 9 icais latei, a most nnlniiqn poison 
The fiist patient classified as pool has had no fmtlici opeiatne luoeeduies, 
hut has been followed wath bougieiiige with the moieiuj filled bougie She 
docs faiily well uiidci this legime A lepoit of the 2 patients who died follows 
The fiist died on the tenth postopeiatne daj fiom a fulminating mediastmifis 
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as a result of perforation of the esophagus some 4 inches above the operative 
site. The reason for this could never be accurately determined. The second 
patient actually had an excellent result as far as the operative approach was 
concerned, but died 21/2 years later from a coronary thrombosis. The remain¬ 
ing 32 patients are, apparently, well. 



F’ig. 4.—The roentgenograms reveal on the riglit. the preoperative appearance of the esophagus. 
The postoperative appearance is to the left. 


DISCUSSION 

The true cause of achalasia of the esophagus, in the thinking of these 
authors, is still undetermined. Numerous etiological factors have been sug¬ 
gested but in no instance, according to our feeling, have they completely filled 
the etiological bill. A list of these causes may be seen in Table I. Within 
recent years, the neurological degeneration theory has seemed the most 
popular. Still, as regards this theory, there seems to be a rather large amount 
of disagreement. It has been thought that the degeneration of the plexus 
of Auerbach is one of the prime causes of the disease, for it has been to the 
action of this plexus that motility in the lower portions of the esophagus is 
attributed. Studies of the motility of the entire esophagus have been carried 
out by the use of air-filled and fiuid-filled balloons. It has been demonstrated 
by Plood^" and his associates that even in achalasia there is still considerable 
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motility m the loner cud of the esophagus as recoicled bj then readings and 
by the ability of the esophagus to piomote propulsion of the balloon down 
nard On the othei hand, Olsen*’ and his associates haie felt fiom then 
experimental nork that the diagnosis of achalasia can be aceuiately made 
by the lack of motility in this poition of this organ It nell may be that, in 



Pig 0 —The preoperati\e appearance of the esopimtnis is ^e^oaletl at the left The postopera 
the view of the esophaerus inacle appioxiniately 1 jear later appears at the right 


those instances in ■vvlueh the esophagus is markedly dilated, the sue of the 
balloon was actually insufficient to stimulate the esophageal -wall to contiac 
tion It must be fuithci lealized that m an> study of the wall of a markedly 
dilated esophagus in hich the numbei of islands of the ple\us of Auerbach 
IS counted, that the paucitj of the afoiemcntioned maj be due to the gieatlj 
mcicased aiea of the esophageal avail It would appeal that theie is no ua} 

Table I Ppobable Cvusfs of Achvlasia 

1 Dysfunction of nerve supplj 

A mfluettce 

B Parasj mpatlictic influence 
C Degeneration of plexus of Auerbach 

2 Hypertroph> of the cardiac muscle 

3 Hepatogastric ligament 

4 Compression from other sources 
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to obviate this error from a statistical standpoint. The only time method 
is probably that in which it is adequately demonstrated that there has been 
actual degeneration of the plexus bodies. 

In the various patients upon whom we have operated, we have been al¬ 
most uniformly impressed by the fact that the musculature in the region of 
the eardiogastrie junction is not of normal caliber; in fact, in some instances, 
it is markedly thickened and has the appearance of the pyloric sphincter in 
children with pylorospasm. This observation has led ns to believe that there 
is much more to the theory of hypertrophy of the musculature in this area than 
has been previously credited. It is difficult to justify the presence of a partially 
atonic muscle above the sphincter and markedlj' hypertrophied muscle over the 
sphinctal area on the basis of neurological degeneration. It would seem to us 
that the reverse is probably true and that the muscle in this area thins out under 
the pressure of long retained food and mouth secretions, because of a markedly 
hypertrophied muscle at its lower end. 

It was because of these considerations and observations, as stated in the 
above paragraph, that we felt that an operative approach such as has been 
used by us would do two things. First, it would allow the sphincter to become 
open so that deglutition would be po.ssiblG and comfortable and free from 
distress; and, second, that sewing the muscle in a transverse direction would 
cause enfolding of the gastroesophageal mucosa in such manner as to afford 
a type of sphincter or stop-gap against reflinx in this area. The fact that in 
35 of the 36 patients thei’e has been no reflux, as demonstrated either by the 
patient’s symptoms or by roentgenologic examination, would lead us to feel 
that we are correct in our major premise. 

Earlier in this article, it was mentioned that it was our feeling that, 
perhaps, it is ruisafe to do dilatation in the presence of a markedly dilated 
or sigmoid-type esophagus, because the miisculature of the esophagus is 
extremely thin and perforation is, theoretically at least, highly probable. In 
fact, tliis thought is borne oixt by a report from the Mayo Clinic^"' in which 
there xvere ten perforations in 550 patients dilated. This, as will be seen, 
is a perforation incidence of approximately 2+ per cent. With modern tech¬ 
niques, the fatality rate in the direct approach does not approach or exceed 
this level. Therefore, it has been our practice, when such an individual, 
namely one with a so-called megaesophagus, is encoxintered, even though 
dilatation has never been carried oxxt, to use the direct approach rather than 
attempt dilatation. In the main, the patient is more satisfied xrith the rc- 
sxxlt, and I am certain that the phy.sician is as well. We do not mean by the 
former statements that we are entirely against dilatation, because that is not 
the case. In those individuals with a moderately dilated esophagus, bxxt in 
which the esophageal xvall appeal’s to be adeqxxate, dilatation can be carried 
oxxt xvith a good degree of success. If it fails, then the patient is placed in the 
group Avho are thoxxght to be benefited oixly by a direct approach and this 
has been carried oxxt. It is an interesting fact that indh’idxxals with long¬ 
standing esophageal disease are oftentimes not exact when evaluating theii 
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own disease Tlic} have become so aceustomod to haMng difficulty in swallow 
ing that it becomes like a cio&s wJuch tlicj aic willing to beai and little 
attention is paid to it It is not, in many instances, until these patients aie 
opeiated upon and an adequate lumen is established that they foi the fiist 
time lealizc the tiue nature of the difficulties which they ha've been e\pcu 
encing foi many yeais It is not uncommon after the adequate lumen lias 
been established to ha\o the patient, of his own volition, volunteei the in 
formation that he ne^ci icalized befoie what it was to swallow so comfoit 
ably 


CONCLUSION’ 

1 Thntj si\ patients with achalasia of the esophagus wcic opeiated upon 
by us fiom 1940 until 1958 

2 Tliutj thice ot these patients ha\e had a good icsult In 2, the lesult 
was pool Two file dead 

3 A modification of the Hellei piocedurc has been desenbed and has 
been used b\ the authois in the feeling that a pseudosphinctci at the lowci 
end of the esophagus is thus established and that legurgitation of gastnc 
societions and subsequent esophagitis is ledutcd 
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Discussion 

DK HEHRT L HEIMLICH, Hew Rochelle, H \ —A\ e lia\e been succe'!‘ifiilh using 
n re\ersed gastric tube for replacing tlie esophagus In this procedure, winch is being 
shown in detail m the motion picture section of this meeting, a tube is created from the 
greater cur\ature of the stomach The tube, ■which reranins attached near the cardia is 
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reversed in direction, and brought to the neck subcutaneously, retrosternally, or intra- 
pleurally. The gastric tube is anastomosed to the cervical esophagus. Peptic esophagitis 
does not occur, because the antrum of the stomach, which does not secrete acid, forms 
the part of the tube that is anastomosed to the esophagus. This has been conflrmed 
clinically in patients followed up to 7 years by Dr. Dan Gavriliu. Microscopic sections 
through the esophagogastric junction showed no evidence of inflammation in the esophagus 
in those of my own patients who have died of metastatic carcinoma several months after 
operation. I would like to suggest that patients with peptic esophagitis or achalasia, 
when other procedures have failed, and patients with bleeding esophageal varices, may 
be benefited from esophageal replacement with a reversed gastric tube. In these cases, 
a shorter reversed gastric tube than that used in the treatment of carcinoma may be the 
procedure of choice. 

DR. MARK M. RAVITCH, Baltimore, Md.—Dr. Tuttle’s interesting paper touched 
on the question of the hiatus which existed for some 30 odd years after Heller’s work, 
until we all again became awmre of it through the paper of Barrett and Franklin, some 
10 or 12 years ago. Dr. Felix Steichen and I were interested in trjdng to find the reason 
for this temporary eclipse of what seems to be a good operation. As Dr. Tuttle said, 
Gottstein from Mikulicz’ Clinic in 1901 suggested the operation, but did not perform it, 
and it was Girard who actuaUy did perform the first successful extramucosal cardiomyot- 
omies. This Girard of Berne was not, Mr. President, with reference to your remarks 
of this afternoon, a specialized surgeon. Among other things, he performed two success¬ 
ful hemipelvectomies before anyone else had done so. 

We then tried to write to Heller’s scientific descendents and were surprised after 
some time (slide) to get a letter from the Russian Zone from Dr. Heller, who sent this 
photograph of himself that he was writing from Leipzig, “wo ich doch labe” using this 
form rather than “wohne.” Dr. Heller said that he had never had any misgivings about 
the operation, that he had never ceased to perform it and with continually good results, 
but that he had never been able to convince his own countrymen of its value, whereas 
the French had taken up the operation at once and had continued to perform it ever 
since. As Dr. Tuttle and many of you know, Santy of Lj’ons, D’Allaines of Paris, and his 
pupil, Lortat-Jaeob, have enormous personal series of the Heller operation. They raised 
the point, and in conversation with Mr. Phillip Allison this point was raised again, that 
poor results after the Heller procedure, particularly esophagitis, are probably due to 
the presence of a hiatus hernia, either pre-existing and unsuspected, or one produced in 
the course of operative manipulation. The French go so far as to suggest that the hiatus 
should regularly be tightened and that, perhaps, frequently the stomach should be sutured 
back to the esophagus, reconstructing the acute angle of His. 

DR. RICHARD H. SWEET, Boston, Mass.—^There is not very much time left at this 
session so I will confine my remarks to just a few comments. I have used the Heller 
operation with preeminent success. I have known of Dr. Tuttle's interest in this pro¬ 
cedure, the Girard operation. I have not felt, in my experience at least, that I have 
needed it, because I have not been aware of the results of regurgitation and esophagitis 
and so on. On the other hand, when we stop to think about it, there are two distinct 
anatomic types of achalasia of the esophagus; the type of which Dr. Tuttle showed two 
examples is the type on which I always use the Heller operation. In that type, the lower 
end of the esophagus is characterized by preeminently thickened, almost sphincter-like, 
hypertrophied circular muscle. I think, though, that I tend to make an incision through 
the muscularis even longer than Dr. Tuttle does, and I would be a little fearful about 
restoring the anatomic relation. 

On the other hand, in the other type of achalasia, which is characterized usually 
by the enormous dilatation of the esophagus with its sigmoid tortuosities, we usually 
find, as you know, a very thin-walled atrophic distal end proximal to the cardia. (Of 
course this disease has nothing to do with the cardia whatsoever). In that group, it 
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reversed in direction, and brought to the neck subcutaneously, retrosternally, or 
pleurally. Tlie gastric tulie is anastomosed to the cervical esophagus. Peptic esop' 
does not occur, because the antrum of the stomach, which does not secrete acid 
the part of the tube that is anastomosed to the esophagus. This has been c( 
clinically in patients followed up to 7 years by Dr. Dan Gavriliu. Wicroscopie 
through the esoplmgogastric junction showed no evidence of inflammation in the ( 
in those of my own patients who have died of metastatic carcinoma several mo 7 
operation. I would like to suggest that patients with peptic esophagitis or 
when other procedures have failed, and patients with bleeding esophageal v; 
be benefited from esophageal replacement with a reversed gastric tube. In 
a shorter reversed gastric tube than that used in the treatment of carcinoma 
procedure of choice. 

DR. ilARK M. RAVITCH, Baltimore, Md.—Dr. Tuttle’s interesting 
on the question of the hiatus which existed for some 30 odd years after 
until we all again became aware of it through tlie paper of Barrett and 
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for this temporary eclipse of what seems to be a good operation. As 
Gottstein from Mikulicz’ Clinic in 1901 suggested the operation, but di 
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omies. This Girard of Berne was not, Mr. President, with referenci 
of this afternoon, a specialized surgeon. Among other things, he perl 
ful hemipelvectomies before anj-one else had done so. 

We then tried to write to Heller’s scientific descendents and 
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find, as you know, a very thin-walled atrophic distal en 
course this disease has nothing to do with the cardia 
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AN AUTOCLAVABLE STATIONARY SCREEN 
PUMP-OXYGENATOR WITH FILMER 

Jerovie Harold Kay, M.D. (by invitation), and Robeit /V. Anderson, M.D. 

(by invitation), Los Angeles, Calif. 

I N 1951, Jlillei', Gibbon, and OibboiP described a pump-oxygenator wliioli con¬ 
sisted of a stationary screen oxygenator and rotaiy pumps. This apparatius 
was reported by the authors to perfoian most satisfactorily. In 1954, Dr. Alfred 
Blalock suggested to one of us (J. H. K.) that he felt the Gibbon pump-oxygen¬ 
ator would be the most successful apparatus for open heart surgery over the 
ensuing years. Consequently, in 1955, Kay and Gaertner designed and de¬ 
veloped an apparatus using the Gibbon principle of the stationary screen 
oxygenator and rotary pumps. This apparatus can be seen in Pig. 1. 

This first apparatus consisted of four pumps, a corouary-suius reservoir, 
venous reservoir, main oxygenator, and a separate arterial filter. Although it 
performed very well and the chronic survival rate in dogs was 70 per cent, it 
had several drawbacks. It was a relatively complicated system and because of 
the four pump.s it was difficult for one person to run. If it wore possible to 
decrease the number of pumps, the amount of hemolysis would be less, the 
running of the apparatus would be easier, and the amount of blood necessary 
to fill the system would be less. 

After several months of work, two of the pumps were eliminated. This 
was achieved by allowing the coronarj^ sinus blood to drain into the venous 

Prom tlie Cardiovascular Research Laboratory, Department of Surgery and The Cardio- 
respiratory Laboratory of the Unixersity of Southern California School of ^Xedicine and the 
Saint Vincent’s Hospital, Los Angeles, Calif. 

Aided by a grant from tlie American Heart Association and The Los Angeles County 
Hospital Attending Staff Association. 

Read at the TJiirty*eightli Annual Meeting of The American xtsaoclatlon for Tiioracic 
Surgery at Boston, ilass.. May IG-is, IdaS. 
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reservoir by gravity rather than by pumping. A second pump could be elimi¬ 
nated by employing a large internal shunt from the bottom of the oxygenator 
i-eservoir. These improvements were made and the apparatus 
(Fig. w) became easier to run and the amount of blood for priming was de¬ 
creased. Although the hemolysis was below 100 mg. per cent in the first ap¬ 
paratus in runs of one-half hour it was even less with the two-pump system 
The chronic survival rate of animals with the second apparatus increased from 
(0 to 85 per cent but this increase in survival rate may have been as much 
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AP F To Artery 


B. 

Fig. l.—A and B show the first filming apparatus used b3" Kay and Gaertner. Coronary 
sinus blood was aspirated from the heart into the coronary reservoir (OR). This was pumped 
into the venous reservoir (ViJ) where it mixed with blood returning from the superior and 
inferior venae cavae. This blood was pumped by the venous pump into a tube in communica¬ 
tion with the arterial reservoir. The internal circuit pump circulated the blood to the top of 
the oxygenator. It then ran down the stainless steel screens in an atmosphere of oxygen where 
it became oxygenated. It was then pumped back into the aorta after first being filtered. 
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related to our exiJcrioiico iu using heart-lung machines as to the improvement 
of the apparatus. Nevertheless, the second apparatus was a marked improve¬ 
ment of our first model. This appai-atus was presented by Kay and Gaertnei-^ 
at The Surgical Forum of The American College of Surgeons iu 1957. In this 
heart-lung machine, gravity drainage was also used to retimi blood from the 
animal to the appai'atus. This prevented fluttering of veins and other difficulties 
encountered when blood is pumped from the venae oavae. This technique was 
used by us early in 1954 and has been continued to the present time. 
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Apljaratus No. 2 woi'ked most satisfactorily. Howevm-, after many experi¬ 
ments more improvements ivere made, and x)umi)-oxygenator A’’o. 3 was con¬ 
structed. This can he seen in jPig. 3. This pump-oxygenator is the result of 
3 years of research -work with more than 300 experiments employing total 



cardiac bypass. The apparatus as it is now used was developed in the reseai’ch 
laboratories at the University of Southern California School of ifediciuo by 
the present authors. It has one comiiion chamber. The separate chambers for 
the coronary sinus re.servoir, rmnous resetwoir, ox 3 'genating chamber, and 
arterial filter are combined into one chamber. This eliminates the unnece.ssaiy 
connections on the arterial side and decreases the priming volume. 
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Airo-untus Vo. 2 worked most s.-itisfaetorily. However, after maiiy experi- 
aientsHore improvement, were made, and pump-oxygenator Vo 3 was con- 
meted Tins eau kc seen in Fig. 3- This pump-oxygenator i.s the resu t o 
3 years’of research work with more than 300 e.xponments employing total 




IS, 

Fiff- 1.—A and B hhow Uie autonmtlc Ulmer. Tins filnicr establishes a llhn of blood on the 
screens by simply lo^ver^ne the fllmer. 

cardiac bypass. The apparatus as it is now used was developed in the research 
laboratories at the Univoisity o£ Soutlierii California School of Jledicino by 
the present imthors. It has one common chamber. The separate chambers for 
the coronary sinus reservoir, venous reservoir, oxygeuatiug chamber, and 
arterial filter are eombined into one chamber. Tills eliminates the unnecessary 
coiiiiectioiis on the arterial side and decreases the priming volume. 
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One of the most important improvements consists of the automatic filmer 
(Pig-. 4). In the first and second apparatuses, a film of blood was established 
as described by Gibbon and consisted of filling the entire oxygenating chamber 
containing the screens with saline. This chamber was emptied rapidly of its 
saline, thereby leaving a film of saline on the screens. As the saline was 
drained, blood was pumped into the distribution chamber, and this blood 
foiled onto the screens in a film and replaced the film of saline. The filmer 
on the third apparatus was first described in 1957 by Anderson, Anderson, and 
Kay^ and consists of an antoclavable plastic sheet with slots in it for the 
screens. The sheet is raised to just beneath the distribution ehamber and, as 
it is lowered, a film is produced on the screens. The new method using the 
filmer has several advantages; no blood is discarded with the waste saline; 
blood is not diluted with saline; the method is timesaving and simple. 

Our early oxygenators were made of Lueite but since they could not be 
sterilized by autoclaving, sterilization was a problem. Zephiran was first used 
for sterilization but this was not satisfactory since it did not destroy all the 
organisms. Eleven per cent formaldehyde solution as suggested by Kix’klin 
of the Mayo Clinic was used but was difficult to handle. Ethylene oxide gas 
was next used but tliis was not practical and also caused crazing of the poly¬ 
ethylene. For this reason a stainless steel oxygenator with completely auto- 
elavable parts was nrade.'’*' This has greatly simplified sterilization. 

The pump-oxygenator No. 3’-^ was described by Kay and Anderson^ in 
1957. It is run in the following manner. -Blood is returned from the superior 
and inferior venae cavae to the venous reservoir by gravity drainage. It is 
then pumped by way of a roller pump to the distribution chamber at the top 
of the oxygenator. From there it flows onto a series of stainless steel screens 
which are suspended from the distribution chamber. Ten liters of 97.5 per 
cent oxygen and 2.5 per cent CO 2 per minute floAV into this chamber and 
oxygenate the blood. The blood passes through a filter and is pumped into 
the aorta via the femoral artery or subclavian artery. The speed of perfusion 
is regulated by the aortic pressure. The apparatus is capable of oxygenating 
aird delivering an amount of blood equal to normal cardiac output in adults 
and children. 

CLimCXh USE 

The third apparatus has been in clinical use since Dec. 12, 1957. Since 
then 14 operations have been done. Twelve of these patients had closure of 
interventricular septal defects, 1 had complete correction of tetralogy of Fallot, 
and the remaining 1 had cox-rection of an intex-atrial septal defect associated 
with pxxlmonary stenosis. Only 1 patient died. This was the fouidh patiexxt 
operated upon. In this patiexxt, as well as the first 3 patients, the pericardial 
flap was closed loosely with foxxr stitches. The patient had been alert axxd 
recogxxized the doctors and his relatives. Although his blood volume was 
xxorixxal, his blood pressure could xxot be elevated with nxore transfusions. He 
died 18 hoxxrs postoperatively. At autopsy there xvas a 2 cm. blood clot 

‘Kindly constructed for us by Corco. 10418 Venice Boulevard, Los Angeles 34. Calif. 
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completely surroumliiig the heart and causing death from cardiac lamponado. 
In the last 10 patients, tlie pericardial sac has been left open uiul these jialimits 
have all done well. Postoperative bleeding has been minimal, being 150 c.c. to 
■iOO c.e, per patient. All chest eathctm-s are removed 18 hours ])ostoperativcly. 
All patients are alert and awake at the end of the procedure. 


T.\ble I. Results of Fiasr 14 CoNsccuTivn Cases Oi’lbateu Upo.v Wiw U.sr or 
KaV-ANI)EES!ON AUTOeI..\V.\ULU HEARr-LUNO iUoniNE 
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SUMMARY 

The development of an autoclavable stationary screen oxygenator with 
a filmer has been described. This oxygenator has only one chamber. It is 
easy to clean, assemble, and sterilize. The pumps are of the roller type with 
explosion proof motors. The apparatus is easy to use and maintains normal 
cardiac output during cardiac bypass. All of the blood from within the chest 
and heart is aspirated and rc-used during bypass. This apparatiw has been 
used on 14 patients with no deaths due to the apparatus and only 1 death 18 
hour's postoperatively due to cardiac tamponade. 

Wo wish to express our appreciation to 3Ir. Larry Xavier for his iavaluabio assis£.'rneo. 
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One of the most important improvements consists of the automatic filmer 
(Fig-. 4). In the first and second apparatuses, a film of blood was established 
as described by Gibbon and consisted of filling the entire oxygenating chamber 
containing the screens with saline. This chamber was emptied rapidly of its 
saline, thereby leaving a film of saline on the screens. As the saline was 
drained, blood was pumped into the distribution chamber, and this blood 
rolled onto the screens in a film and replaced the film of saline. The filmer 
on the third apparatus was first described in 1957 by Anderson, Anderson, and 
Kay^ and consists of an autoclavable plastic sheet with slots in it for the 
screens. The sheet is raised to just beneath the distribution chamber and, as 
it is lowered, a film is produced on the sei-eens. The new method using the 
filmer has several advantages: no blood is discarded with the waste saline; 
blood is not diluted with saline; the method is timesaving and simple. 

Our early oxygenators were made of Lucite but since they could not be 
sterilized by autoclaving, sterilization Avas a problem. Zephiran was first used 
for sterilization biit this was not satisfactory since it did not destroy all the 
organisms. ElcAmn per cent formaldehyde solution as suggested by Kirldin 
of the Mayo Clinic Avas used but Avas difficult to handle. Ethylene oxide gas 
was next used but this was not practical and also caused crazing of the poly¬ 
ethylene. For this reason a stainless steel oxygenator with completely auto- 
elavable parts was made.* This has greatly simplified sterilization. 

The pump-oxygenator No. 3* Avas described by Kay and Anderson'* in 
1957. It is rim in the folloAifing mannei*. 'Blood is returned from the superior 
and inferior Amnae cavae to the venous reservoir by gravity drainage. It is 
then pumped by Avay of a roller pump to the distribution chamber at the top 
of the oxygenator. From there it floAvs onto a series of stainless steel screens 
Avhich are suspended from the distribution chamber. Ten liters of 97.5 per 
cent oxygen and 2.5 per cent CO 2 per minute floAV into this chamber and 
oxygenate the blood. The blood passes through a filter and is pumped into 
the aorta via the femoral artei-y or subclaAdan artery. The speed of perfusion 
is regulated by the aortic pressure. The apparatus is capable of oxygenating 
and delivering an amount of blood equal to normal cardiac output in adults 
and children. 

CLINICAL USE 

The third apparatus has been in clinical use since Dec. 12, 1957. Since 
then 14 operations have been done. TAvelve of these patients had closure of 
interventricular septal defects, 1 had complete correction of tetralogy of Fallot, 
and the remaining 1 had correction of an interatrial septal defect associated 
Avith pulmonary stenosis. Only 1 patient died. This Avas the fourth patient 
operated upon. In this patient, as avcII as the first 3 patients, the pericardial 
flap was closed loosely Avith four stitches. The patient had been alert and 
recognized the doctors and his relath'-es. Although his blood volume Avas 
normal, his blood pressure could not be elevated Avith more transfusions. He 
died IS hours postoperatively. At autopsy there was a 2 cm. blood clot 

‘Kindly constructed for us by Corco, 10418 Venice Boulevard, Los Angeles 31. Calif. 
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completely surroumUng the heart and causing death from eanliae tamponade. 
In the last 10 patient.s, the pericardial sac has been left open titul these patients 


have all done well. Postoperative bleeding has been minimal, being 150 c.e. to 
400 e.c. per patient. Alt chc.st cathetei-s are removed IS liours po.’itoiierain. . 

All patients are alert and awake at the end of the inocodiiro. 

Tablk I. Kesults of FiiisT 14 . Consecutive Cases Oi’ETwVTED Ueon W'li’u r-^, o'- 
Kay*Ani)u;son Autopiavaule HiuRx-LuNa \L\c'Iiine 
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SUMMARY 

The development of an autoclavable stationary screen oxygenator with 
a filnier has been described. This oxygenator has only one chamber. It is 
easy to clean, assemble, and sterilize. The pumps are of the roller typo with 
e-xplosion proof motors. The apparatus is easy to-use and maintiiins tiormal 
cardiac output during cardiac bypass. All of the blood from within the chest 
and heart is aspirated and re-used during bypass. This apparatus has been 
used on 14 patients with no deaths due to the apparatus and only 1 death 18 
hour’s postoperatively due to cardiac tanuronade. 

Wo wish to express our appreciation to Mr. Jjarry Xnvior for hia invaluablo assistance. 
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COMPARISON OF RELATIVE MERITS OF OCCLUSIVE AND 
NONOCCLUSIVE PUMPS FOR OPEN-HEART SURGERY 

Together with Description of Simple Flowmetering Method 
for Clinical Use 

Paul C. Hodges, Jr., M.D."^ (by invitation), Richard Cardozo, ALD.** 

(by invitation), Andre Thevenet, M.D,*** (by invitation), and 
C. Walton Lillehei, Ai.D., AUnneapoUs, AVmn, 

T he selection of a pump to replace temporarily the cardiac function during 
a period of total cardiopulmonary bypass is an important consideration best 
based upon objective evidence rather than personal caprice. At present, 
legitimate differences of opinion concerning optimal pumping systems exist 
among different groups engaged in this work. 

We have had extensive laboratory and clinical experience with two types 
of pumps: a multiple cam-actuated finger pump manufactured by the Sigma- 
motor Companyt and a roller pump manufactured by the ilark Company.f 
Some apparent differences in performance have been noted which seemed 
worthy of more detailed and objective study. 

In order to investigate these observations, we have undertaken a series of 
controlled experiments aimed at (1) comparison of performance characteristics 
against knoAvn resistances, and (2) evaluation of trauma to the circulated blood. 

methods op study 

Comparison of Flow Characteristics .—simple recirculating system (Fig. 1) 
was set up with four parallel pumps, two of which were of the finger 
(Sigmamotor) type and two of the roller construction. Each pump was tested in¬ 
dependently of the others by occluding the inflow and outflow lines of the pumps 
not under immediate consideration. The pumps drained a common pair of 

From the Department of Surgery and Variety Club Heart Hospital, University of Minne¬ 
sota Medical School. Minneapolis, Minn. 

Supported by research grants from the Graduate School, University of Minnesota; Jlinne- 
sota Heart Association; American Heart Association; Life Insurance Medical Research Fund; 
and National Heart Institute, U. S. Public Health Service, Grant No. 830. 

Read at the Thirty-eighth Annual Meeting of The American Association for Thoracic 
Surgery at Boston, Mass., May 16-18, 1958. 

*U. S. Public Health Service Heart Fellowship. 

^‘Research Fellow, U. S. Public Health Service. 

***Fullbright Travel Fellowship. 

tSigmamotor, Inc., 3 North Main Street, Middleport, N. Y. 
tMark Company, 31 AVest Street, Randolph. Mass. 
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Comparison of Evidence of Blood Trauma .—^For this portion of the study 
2,000 c.c. of freshly drawn heparinized dog blood was pooled and equal ali¬ 
quots (500 c.c.) were simultaneously recirculated through each of the four 
pumps utilizing separate but identical circuits with the pump settings as 
described for use in the comparison of flow characteristics. The blood samples 
for determinations of plasma hemoglobin, fibrinogen, and platelets were drawn 
in oiled syringes. The method of Plink- was used for measurement of plasma 
hemoglobin. For fibrinogen the method of Kjell-Jaeobson^ was utilized. 
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LINE PRESSURE IN MM Hg 

Fig. 2.—Graphic Representation of Data on Flow Characteristics Categorized in Detail 
in Table I. Flow is charted as a function of line and liydrostatic head pressure. The individ¬ 
ual dots are representative of three determinations, each type pump was studied both totally 
and partially occlusive under the prescribed pressure conditions. There were no significant 
ditferences in flow rates re ated to type of pump or degree or occlusion as long as the line 
pressures developed were the same. 

Group I: A series of three experiments were undertaken in which blood 
was recirculated through each of the four pumps at 1,500 c.c. per minute for 
2 hours and through identical No. 14 Fr. Bardic catheters,’* 15 cm. in length. 
One-half inch internal diameter latex rubber pump hose, % inch internal 
diameter polyvinyl (Mayonf) connecting tubing, and reservoirs of 2 inches 
internal diameter polyvinyl tubing (Mayon) were used. 

Group II: A series of three experiments in which conditions were identi¬ 
cal with Group I except that % inch internal diameter latex rubber pump 
hose was used in the finger pumps and reservoirs were 114 inch internal diam¬ 
eter polyvinyl. 

*Bardic Cardiovascular Catheter (No. 1055), C. R. Bard, Inc., Summit, N. J. 

tMayon Plastics, 415 17th Avenue North, Hopkins, Minn. 
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Group III A senes ol thiee c\penmonts which woie similai to Gioiip II 
except that No 16 Fi Baiclie caimulas, 15 cm m length, vcie iitilmed and the 
connecting tubing used uas of % inch mteinal diainetei instead of VI meh 


ItKSDLTS 

Comparison of Flow C/iai actci isfics—Undei these conditions of com 
paiable lesistances tlie flow latcs of the foui pumps weie viitually identical 
at any given line and hydiostatic piessuie (Table I and Figs 2 and 3) 
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tiff 3—Flow Is 1 Function of Pressuic Gra litnt \cross the Cannula coricctt.tl 

line pressure for each of the four pumps nas obHined b> subtracting hydrostatic resistance 
from the line pressure is lecorded in Table I A No 14 Fr Cardie catheter lo cm in length 
was used throughout Flow was proportional to the pressure drop tn 1 type of puinp or degree 
of occlusion made no difference 


There weie no appieeiable diffeiences in output between lollci and fingei 
pumps and no diffeicnees in tlie mdnidiial pumps on the basis of piesenee oi 
absence of total occlusion as long as the line pressiiies developed weie com 
parable 

With an mciease in hjdiostatic head picssiiie theie uas a definite diop 
in output wlieii hue piessuie was held constant by legulation of pump speed 
This diop was piescnt in all of the foiii pumps tested and was of similai 
magnitude in each (Iig 2) Hoiicvci, it hvdiostatie head piessuies weie 
laised and pump speed iniclnnged, the iionoeclusive pumps tended to main¬ 
tain a constant line piessuie with i piopoitioinl diop m output wlieioas the 
occlusue pumps maintained lonstant output with a piopoitioiial nse in lino 
pressuie This is the fundamental diflititneo between otelusivo and paitially 
occlusive pumps 
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When flow was plotted against the pressure fall across the cannula (Fig. 
3), it was apparent that flow was a direct function of this pressure gradient. 
An increase of hydrostatic pressure resistance at the oirtflow of the system 
would not affect flow as long as line pressure was raised comparatively. Thus, 
it is clearly evident that the capacity of any pump to maintain flow against 
an increasing resistance is directly proportional to the line pressure capable 
of bemg deA’^eloped by that type of pump. 


Table I. Cojiparison op Performances Between Sigmamotor and Eoller Pumps Each 
With Total and Partial Occlusive Settings Under Identical Conditions 

OP Eesistance 
PLOW C.C./MIN.* 
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1830 

1435 

1620 

1830 

225 

1220 

1500 

1680 

1250 

1500 

1740 

1257 

1500 

1710 

1235 

1500 

1755 

200 

908 

1350 

1560 

1053 

1350 

1590 

1100 

1350 

1590 

1070 

1335 

1590 

175 

690 

1200 

1425 

730 

1200 

1500 

903 

1230 

1500 

768 

1110 

1500 

150 

460 

900 

1290 

463 

960 

1350 

600 

1050 

1320 

533 

880 

1305 

125 


675 

1050 


680 

1170 


840 

1200 


680 

1150 

100 


450 

800 


360 

920 


540 

920 


360 

900 

75 



660 



660 



660 



660 


*Each reading- in table represents an average of three determinations utilizing the 
described circuit (Fig. 1) and No. 14 Bardic catheter, 15 cm. in length. 


Comparative Studies Upon Blood Trauma .— 

Platelets: Early studies of platelet counts on pooled dog blood showed such 
low initial levels that attempts to estimate disappearance rates were of necessity 
abandoned. 

Fibrinogen: There were no significant differences found in the fibrinogen 
levels of the various samples studied (Table II). 

Plasma hemoglobin: Study of hemolysis rates brought out several interest¬ 
ing factors. 


Table II. Plasma Eibrinogen—Gm, % 



1 


^- 


1 



1 

1 average 

PUMP TYPE 

1 0 HR. 

1 HR, 

Ohu. 

1 HR. 

0 HR. 

1 HR. 

0 hr. 

IHR. 


Eoller 

Occlusive 

.08 

.12 



.06 

.07 

.12 

.19 

.11 .11 

.08 .09 

Nonoeclusive 

.03 

.03 ! 



.01 

.08 

.11 

.14 

Finger 

Occlusive 

.06 

.09 



.03 

.07 

.11 

.15 

.07 .11 
.08 .11 

Nonocclusive 

.10 

.14 



.03 

.09 

.r'. 

— 
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Number + 

In Gioup I (Table III) wheie the stioke \olume of the lollei pump was 
27 c c as against 17 c c foi the fingei pump and Ime pressuies weie main 
tamed at 275 mm Hg at flow lates of 1,500 c e tliiough No 11 Ti Baidie 
cannulas without any supeiimposed liydiostatic lesistanoe, the aveiage lie 
molysis measined m milligiams pei cent uiidei these conditions was sub 
stantially lowei foi the lollei pump (set eithei occlusive oi nonocolusive) 
than foi the fiiigci pumps 


Table III Plasma Hemoglobin Values—Mg 


PUMP T\PB 

GROUP I 
(HOURS) 

GROUP ir 
(IIOUIS) 

GROUP in 
(HOURS) 

0 1 y. 1 1 1 ly 1 2 

0 1 y1 11ly 1 2 

0 1 y1 1 1 ly 1 2 

Roller 

Occlusive 

Nonoccluaue 

Finger 

Occlusive 

Nonocclusivo 

11 22 20 50 0<) 

12 20 27 17 53 

7 90 189 264 292 

10 60 93 160 209 

13 71 103 1S5 251 

10 54 117 103 233 

10 39 S3 115 113 

10 46 82 117 141 

2 27 4j 61 84 

5 20 51 71 96 

0 27 50 71 99 

4 10 34 48 76 

Stroke volume 




Roller 

27 c c 

27 cc 

27 c c 

Finger 

17 cc 

40 cc 

40 c c 

Line picssure 

275 miu Hg 

275 mm Hg 

200 ram Hg 

Tubing 

U HI ID 

^ in ID 

% in ID 

Catheter 

Ng 14 

No 14 

No 16 


•Hemoljsls (niff %) Produced bj the Four Pumps Under Various Conditions The 
longer effecti\e pumping nrea of the roller pump (23 cm ) as compared to 14 cm (TM 2) 
gives it a greater stroke \olume for any given size pump tubing Differences in hemolysis 
^\cie diiectl> related to differences in stroke \oIume rather than to inherent differences in 
pump characteristics or to occlusion or nonocclusion 

III Group II (Table III) wheie the lollei pump stioke lolume was kept 
at 27 c 0 while the stioko lolumc of the fingci pump i\as incieased to 40 o c 
by use of % inch iiiteiiial diametci pump hose The aieiage hemolysis was 
significantly lowei foi the fingei pumps (sot eitliei ooclusively oi nonoc 
eluhively) than foi the i ollei pumps 

In Gioup III (Table III) the effect of a laigei cathetei in loweiing the 
line piessuie and leduciiig hemolysis is evident 

Caiefully appioximated total occlusion as compared to paitial occlusion 
lesultcd in no significant differences in nte of hemolysis eithei foi the lollei 
01 the Signiamotoi pumps (Table HI) 

DISCUSSION 

In one sense this stiidj was unnccessaiy because it has been shown, m the 
systems studied that flow lesponse is in accoi dance ivith ceitaiii wellestah 
lislied and piedietable hydiodynaniic piineiplcs In aiiothei sense, howeiei, 
the study has been leiy valuable to ns, and pciliaps to otlieis, in delineating 
m i deal maniiei those piinciples that aie of impoitancc 

Moieovei, a simple but leliable and effective method foi aeeuiate mcas 
uiemeiit of flow lates applicable to elmical peifusioiis has been developed 
based upon these lijdiodjnaniie obsciv itions (as outlined below) 
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In any system of known resistance, any pump, regardless of design or 
presence or absence of total occlusion, wMcb will create a given pressure, will 
produce the same flow as any other pump in that system at the same re¬ 
sistance (Pig. 4). 

In addition, it has been shown that under the conditions of this study, which 
were set up to simulate clinical perfusions, hemolysis is primarly a function 
of stroke volume, pump speed, and line pressure and was independent of pump 
design and the presence or absence of total occlusion. In turn, line pressure 
is a function of the flow rate desired, the size of the arterial cannula, and the 
aortic pressure. Pump speed is, of course, a function of stroke volume. Thus, 


PUMP 

LINE PRESSURE 

CANNULA 

FLOW/MIN. 

Finger 

rO 

Occ 

Same 

Same 

Same 

Finger 

Non Occ 

tt 

II 

11 

Roller 

O 

Occ 

II 

II 

II 

Roller 

c:^ 

II 

II 

II 

Non Occ 





Pig. 4.—Plow Is a Punction of Pressure and Resistance (the Pressure Gradient). The 
type of pump used to propel the fluid and its degree of occlusion is important only in that it 
be capable of producing the necessary line pressure. 

there was no consistent difference in the hemolysis produced by the non¬ 
occlusive and carefully approximated occlusive pump of comparable stroke 
volume. McCaughan and associates,-* in their study comparing rates of he¬ 
molysis caused by a totally occlusive Sigmamotor pump and a totally occlusive 
roller pump, failed to appreciate that stroke volume is the most significant 
factor in causation of hemolysis. 

Even before tliis study clarified some of the physical factors contributing 
to hemolysis, it was suspected for several reasons that the arbitary allegation 
that “occlusive pumps are more traumatic” was not based upon objective obser¬ 
vations. First, upon the basis of logic, it would seem that the single red cell is 
rather minute, lubricous, and resilient to be consistently caught and crushed by 
the cam of a carefully adjusted occlusive pump. Moreover, the levels of 
plasma hemoglobin,*’ ® measured in our clinical patients perfused with an oc¬ 
clusive pump, have consistently been very low. In clinical perfusions, of course, 
the final hemolysis level reflects other factors as well, such as length of perfusion, 
the oxygenator, the coronary sinus blood returned, and the accuracy of blood 
matching. These other sources of plasma hemoglobin notwithstanding, DeWall® 
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have found useful for these various 
have been outlined elsewhered In 
ago,®-1® it was found that pure gum 
available for use as the pump hoses. 


components of the extracorporeal circuit 
investigations carried out several years 
mbber was superior to any plastics then 
This still appears to be true. 


SUMMARY AKD CONCLUSIONS 

1. Sigmamotor and roller-type pumps, set both ocelusively and nonoc- 
elusively, were compared under controlled conditions for ability to maintain 
flow against resistance and evidence of blood trauma. 

2. It has been shown that flow in a circuit is a direct function of line 
pressure and resistance in accordance with basic hydrodynamic principles. 

3. No significant dift’erenees in outputs were found between roller and 
Sigmamotor pumps on the basis of presence or absence of total occlusion, as 
long as the line pressures developed were comparable. 

4. Since flow is a function of the pressiii-e drop across the circuit, it is 
feasible to measure flow accurately during clinical perfusions by the simple 
method described. 

5. Hemolysis is a direct function of stroke volume rather than design of 
pump or presence or absence of total occlusion in these pumps studied. 

6. No significant change in fibrinogen level was noted during recircula¬ 
tion of blood. 

7. The ability of totally occlusive pumps to maintain stable flow in the 
face of considerable variations in systemic resistance indicate their advantage 
over partially occlusive pumps in clinical perfusions. 
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CARDIAC BYPASS WITHOUT ARTIFICIAL OXYGENATION 

IF. T. Mustard, M.D.* (by invitation), W. Sapirstein, M.D.** (by invitation), 
and Mrs. Denise Pav*** (by invitation), Toronto, Ontario 

O UB earlier e.^pcrienees in biologic oxygenation have stimulated us to de¬ 
velop a clinically applicable cardiac bypass procedure using autogenous 
lung oxygenation.*"^ Previous experimental work using the pulmonary circu¬ 
lation for oxygenation has been reported. Cohen and Lillehei and their associ¬ 
ates*’ ** obtained oxygenation with perfusion of a single lung. Our experience, 
including a clinical trial in 1949, leads us to believe that the rapid development 
of venous obstruction in the isolated lung makes this impractical. Wesolowski 
and AVelch” pei’fused botli lung fields using a simple left atrial cannula for 
aspiration of the venous return. AVe found, both in our experiments and in 
a clinical case, that mitral valve occlusion was essential for a diy operative 
field in the presence of a septal defect. Sirak and co-workers* attempted to 
ensure the latter with a manually retained diaphragm. This has proved to 
bo unreliable in our hands. 

AA^c have felt that for effective clinical application of any procedure using 
autogenous lung oxygenation, the following criteria must be established. 
Adequate oxygenation and other blood gas exchanges must be obtained by a 
total pulmonai’y perfusion and the elimination of any possibility of pulmonary 
venous obstruction. At the same time a dry cardiotomy exposure should be 
assured by blocking the mitral valve. 

DESCKIPTION OF EXPERI3IENTS 

Alongrel dogs, weighing 9 to IG Kg., were anesthetized with intravenous 
Pentothal sodium and intubated for intermittent positive pressure, controlled 
respiration on a closed anesthetic circuit; COz absorber was used. Bilateral 
thoracotomy was performed through the fourth anterior intercostal spaces. 
In acute experiments, exposure was supplemented by a transsternal incision. 
Animals were heparinized (1 to V/, mg. per kilogram intravenously) and 
polyethylene catheters introduced into the internal mammary artery and 

Front the Researcli Institute, Hospital for Sick Children, Toronto. Ontario. 

Tills project Avas supported by a grant from the Ontario Heart Foundation. 

Read at the Thirty-elKhth Annual Meeting of The American Association for Thoracic 
Surgery at Boston, IMass., May 16-18, 1958- 
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femoral vein for monitoring systemic pressures. Cannulations*' were then per- 
foi'med. A stainless steel cannula was introduced into the femoral artery 
for peripheral arterial perfusion. The specially designed pulmonary artery 
cannula of stainless steel (illustrated in Kg. 1) was introduced through an 
incision j\ist proximal to the bifurcation of the main j^ulmonaiy artery and 
held in place by a previously inserted purse-string suture. This cannula has 
a slightly bulbous basket tip permitting its retention in the artery with greater 
security and without excessive irritation to the vessel wall. The vanae cavae 
were next cannulated with appropriate Bardie catheters, the superior vena 
cava via the azygos vein, and the inferior vena cava through the right auricu¬ 
lar appendage. The eavae were encircled by tape tourniquets. Pulmonary 
venous return was cannulated from the left atrium using the stainless steel 
cannula especially designed and illustrated in the accompanying figure. The 
atrial end of this cannula is gently curved and provided with three side open¬ 
ings to ensure an unobstructed flow. Several ridges were incorporated on the 
outside of this end for secure gi-ipping by a purse-stnng siiture in the auriciilar 
appendage. The side arm retains the balloon-tipped end of a cardiac catheter 
when not in use, ensuring unobstructed flow through the main channel of the 
cannula. A rubber sheath forms an air-tight seal at the opening to the side 
arm around the catheter. The balloon-tipped catheter is fashioned from a 
conventional single-lumen woven caixliae catheter (size F5 or F6) to the end 
of which is attached a balloon of highly elasticized nibber which permits a 
small collapsed structure to be greatly distended when necessary. By ap¬ 
propriate direction of the end of the atrial cannula and with cardioplegia, the 
balloon-tipped catheter could be passed out of its side arm down the cannula 
and through the mitral orifice into the left ventricle. The b 3 q)ass system was 
completed by connecting the various cannulae to the cardiac pump with dis¬ 
posable heat-sterilized Tygon tubing, t The complete bypass circuit is illus- 
tated in the accompanying diagram (Fig. 1). Venous drainage from either 
side of the heart is by gravity to open reservoirs of Tygon cylinders. Arterial 
outflow occurred from the most dependant portion of the reservoir with venous 
filling occurring at a slightly higher level. We found that this arrangement 
adequately obviated any danger of air embolism and reduced the effects of 
turbulence. The reseiwoirs were calibrated for estimation of flow rates. Con¬ 
trolled temperature Avater jackets encased the reservoirs to prevent excessive 
cooling during bypass procedures. The extracorporeal circuit was primed 
Av-ith 1,000 c.c. of heparinized (18 mg. per 500 c.c.) donor blood. 

Cardiac bypass Avas commenced by first excluding the right ventricle and 
right atrium. The caval tourniquets Avere tightened and the pump floAv rate 
adjusted to deHver the total vena caval return into the pulmonary arteiy. 
Adjustments AA’ere made until a stable leA'el AA'as obtained in the right reseivoii. 
The left side of the heart Avas then bypassed by commencing the systemic in- 
floAV into the femoral artery and releasing the clamp from the left atrial tubing. 

*Cannulae manufactured by The J. F- Hartz Company, Toronto, Canada, 

tU.S. Stoneware; Plastics and Synthetics Division, Akron, Ohio. 



Volume 36 
dumber 4 


CARDIAC BYPASS \\nHOUT ARTIFICIAL OXYGEN VI ION 


481 


Plow latob were once nioie adjusted, this time to maiiitam the iioimal systemic 
blood piessuie It was touiid that if systemic piessute was used as the indi 
catoi of left pump flou late, ideal peifusioii ivas obtained and the balance 
between left atiial letiiin and systemie aiteiial inflow was automatically 
stabilized Once the ideal systemic pressure had been attained the e\tia 
coipoieal ciicuit could most effeetiiely and simply be controlled by leieising 
any deviations lu the left leseivon level ivith iiimot adjustments to the light 
pump flow late, so ensuiuig a constant systemic pcifusion late without dangei 
of under oi oiei perfusion Aceniate leplaeeineiit of iiieisioiial and othei blood 
losses was letuincd to the light lieait icscivoii 



All aecuiate measuiemeiit of pei fusion flow latcs could be taken by 
teinpoiaiily clamping the aiteiial outlet of the light lesoisoii £oi a specified 
period and measuniig the use in the -venous leseivon No attempt was made 
at presetting the flow i.ites of the caidiae pump In a few evpeiiments, 
piescttmg flow lates compaicd with flow latts obtained duinig In pass nude 
It obvious that the foimei was totally uincliihle 

The aoita and pulmonaiy aiteij aic now cioss clamped pioximal to the 
pulmonaiy aiteiial cannula and asystole obtained bj injection of potassium 
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citrate into the proximal aorta. "With all outflow tracts occluded, the only 
escape for pulmonary venous return is by way of the left atrial cannula, even 
in the presence of septal defects. Minor adjustments to pump rates are then 
made to accommodate these changes. Occlusion of the mitral valve is per¬ 
formed preparatoiy to eardiotomy. The curved end of the atrial cannula is 
directed toward the mitral valve and the catheter gently introduced into the 
flaccid left ventricle where it could be palpated. The balloon is inflated until 
felt to be just larger than the mitral annulus, using carbon dioxide to obviate 
any dangers of coronary air embolism in the event of leakage. The distended 
balloon is then securely retracted against the mitral annulus and held there 
by tjdng douTi a tape ligature placed around the rubber sheath on the can¬ 
nula’s side arm. Eight eardiotomy and septal incision demonstrates a dry field. 
The balloon is deflated and retracted once more into the side ann of the 
cazinula. The myoeardium is resuscitated by removing the aortic cross-clamp, 
allowing coronary perfusion. When an active cardiac impulse is established, 
gradual decannulation is commenced in the same order as cardiac bypass was 
instituted. Vena eaval tourniquets were released and first one and then the 
other vena caval catheter removed as the heart tolei’ated the increased load. 
Simultaneous adjustments were made to the right portion of the bypass pump 
as more blood was allowed to pass thi’ough the heart and less drahied into the 
extracorporeal reseiwoir. Thus, with removal of the second caval catheter, 
the pulmonary arterial pump could be discontinued and the pulmonary artery 
cannula removed tying down the purse-string stay suture for effective hemosta¬ 
sis. Attention was then directed toAvard the left side of the heart which Avas 
being supported by the extracorporeal cii’cuit. The left atrial cannula Avas 
clamped and the systemic arterial infloAv gradually stopped. If this was toler¬ 
ated AAuthout significant alterations in blood pressures, the left atrial cannula 
Avas promptly removed—once again tying doAvn the purse-string suture for 
hemostasis. 

Heparinization Avas then neutralized by using an equivalent dosage of 
Polybrene* Avhich rarely required supplementing at a later stage. When full 
cardiac activity had been achieved and hemostasis Avas assured, the peri¬ 
cardium Avas loosely approximated and chest closure performed in anatomic 
layei-s Avith bilateral Avater-sealed chest tube drainage. Chest tubes Averc 
maintained on constant drainage for 6 to 8 hours folloAved by intermittent 
aspiration for a further 6 houi-s, after Avhich they Avere removed. Average 
chest drainage postoperatively amounted to 150 c.c. Further needle aspira¬ 
tions of pleural cavities Avere not required after removal of the chest tubes. 
Postoperative blood reactions Avere serially testedt in the immediate postopera¬ 
tive period (and corrected Avhere necessary Avith intravenous 5 per cent sodium 
bicarbonate). Streptomycin and penicillin Avere given intramuscularly daily 
for 4 days. 


’Supplied by Abbott Laboratories, North Chicago, Illinois. 
tBeckman pH meter, Jlodel Cr. 
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RESULTS OP EXPEBOIENTS 

The results of experiments are given in the accompanying Tables I and II. 
Eleven long-term survivors were obtained in 15 experiments. The efScienoy 
of oxygenation is evident from the accompanying blood analysis. There was 


Takle I. SuMiLmy of Fifteen Consecutive Expeeiments 



i 

1 

MEAN INT. 
MAMMaUIY 

FEMORAL 

VENOUS 

PLASMA lIGB. 
(MO. %) 

PLATELET 
COUNT ' 
FALL (%) 1 

1 

DURA¬ 

TION 


DOG 1 
WT. i 
(KO.) 

FLOW 1 
(ML./ 1 
MIN.) 

ARTEKIAL i 
PRESS. 
(MM. IIG) 1 

PRESSURE 

(CM. 

SALINE) 

DONOR 

END OP ■ 
PER' 1 
FUSION ] 

AFTER 30 1 
MIN. 

BYPASS 1 

OF 

BYPASS 

(MIN.) 

RESULT OF 

1 EXPERIilENT 

15 

1,500 

130 

6-0 

18 

48 

35 

35 

Survivor 

14 

1,500 

120 

7-11 

0 

32 

22 

35 

Survivor 

13 

1,200 

100 

3-6 

0 

38 

25 

32 

Survivor 

12 

1,300 

110 

6-9 

40 

100 

27 

30 

Survivor 

10 

1,000 

90 

6-9 

16 

48 

20 

40 

Survivor 

10 

1,100 

100 

S-10 

0 

48 

35 

40 

pied 6 days 
postop. 5 brain 
dama^'O 

9 

1,000 

no 

9-10 

30 

80 

30 

45 

Survivor 

13 

1,200 

130 

5-9 

25 

62 

25 

55 

Survivor 

16 

1,500 

110 

0-6 

12 

32 

20 

40 

Died 2 days 
postop. 5 rt. 
vent, thrombus 

13 

1,100 

115 

6-9 

47 

80 


45 

Died 0 hr. 
postop.; bron¬ 
chial plug 

14 

1,300 

100 

5-2 

50 

100 


35 

Survivor 

15 

1,400 

130 

5-8 

20 

46 


36 

Survivor 

13 

1,200 

120 

6-8 

24 

55 


42 

Survivor 

16 

1,400 

130 

4-7 

15 

33 


40 

Died 2 days 
postop.; causo 
not determined 

15 

1,800 

110 

5-8 

12 

40 


36 i 

Survivor 


a slight fall in pH immediately on termination of the bypass but the effective¬ 
ness of perfusion may be gauged by the prompt spontaneous reversal of this 
low hydrogen ion concentration in the immediate postoperative period. This 
would indicate that no significant oxygen debt occurred within the peripheral 
ti.ssues. We feel rather that the ijostoperative pH may be attributed to a 
cooling tendency exhibited by the animals while on the bypass. These results 
correlate well with the high irerfusion flow rates and the maintenance of 
preoperative systemic pressures, both arterial and venous, during the bypa.ss 
procedure. Our hemolysis rates were significantly low when compared with 
donor blood levels in relation to the high perfusion rates. The only limitation 
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to perfusion flow rates appeared to be those dictated by the pumps’ capacity, 
the size of the tubings and cannulae, and the blood pressure developed. We 
have used both the Cowan® pump and the Lillehei Sigmamotor pump'^ with 
equal facility but feel that the former was better able to cope with the high 
flow rates developed by this system. The ease with which the extracorporeal 
circuit could be controlled was noted by all operators. 


Table II. Acid-Base and Oxygenation* Responses to Tot.\.l Cardiac Bypass 


MIXED ARTERLVL 0, SATUR.VTION | 

1 1 
1 ARTERIAL BLOOD pH ] 

' MIXED VENOUS BLOOD Oj 

1 SATURATION 


AFTER 

AFTER 


AT ESD 

3 HR. 


AFTER 

after 

PRIOR TO 

5-min. 

30-MI.\'. 

PRIOR TO 

OP 

-IFTER 

PRIOR TO 

5-JtrN. 

30-MIN. 

bypass 

BYPASS 

BYPASS 

BYPASS 

BYPASS 

OPERATION 

BYPASS 

BYPASS 

BYPASS 

100 

100.5 

100.5 

7.35 

7.45 

7.36 

_ 

. — 

-- 

98 

97.5 

101 

7.45 

7.30 

7.30 

— 

— 

— 

100 

S3 

95 

? 

7.35 

7.43 

56 

60 

65 

86 

103.5 

103 

7.58 

7.60 

7.40 

28 

38 

52 

85 

105 

105 

7.40 

7.43 

7.45 

45 

65 

70 

103 

103 

102 

7.49 

7.36 

7.40 

43.5 

61 

64 

102 

98.5 

96 

4.42 

7.39 


70 

80 

SO 

103 

101 

104 

7.45 

7.30 

7.33 

41 

80 

76 

103 

93 

100 

7.40 

7.58 

7.55 

— 

— 

-> 

95 

105 

105 

7.47 

7.49 

7.36 

45.5 

48.5 

57.5 

100.5 

103 

102 

7.41 

7.40 

7.55 

47.5 

53 

56 

97 

105 

103 

7.58 

7.30 

7.36 

68 

64 

61 

105 

105 

105 

7.47 

7.43 

7.49 

28 

63 

75 

96.0 

103 

102 

7.31 

7.30 

7.21 

55 

80 

82 

100 

97.5 

98 

7,45 

7.40 

7.35 

41 

80 



‘Oj saturation determinations performed on Cuvette oximeter, Waters Corp., Rochester, 

ilinn. 


The anatomic configuration of the left ventricle is such that the balloon, 
while obstructing the mitral valve, left the area of outflow tract at the aortic 
orifice and the membranous interventricular septum relatively free from im¬ 
pingement. This permitted direct inspection of the aortic valve apparatus 
through septal defects and reduced the risk of damaging the balloon when 
inserting sutures for repair of the defects. The presence of a small atrial 
septal defect does not greatly effect this method of bypass. 

The effects of the differing peripheral resistances in the two circuits were 
investigated by comparing pulmonary and systemic pressures during several 
perfusions. With a balanced perfusion, pressures were dictated by the sys¬ 
tem’s particular resistance. Thus, in one experiment, systemic arterial pres¬ 
sure was recorded at a mean of 120 mm. Hg with a femoral venous pressure 
of 10 cm. of saline. The simultaneous recordings in the left pulmonary artery 
and right upper pulmonary vein were 20 mm. Hg and 2 cm. of water, respec¬ 
tively. 

Pathologic examination of survivors failed to show injury to the mitral 
valve apparatus or pulmonary tissue due to the balloon distention or system 
of cardiac bypass. 


•Sigmamotor Inc., Middleport, N. Y. 
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SUJIM \R\ 

Attempts at (\ti iidiiifi the offieiency and utilization of eaidiac bypass 
cncuits bale gmetalli Inen in the ducetion of meehanical impioicments to 
existing systems nitli \ iiious niodifieations to pumps and aitificial means of 
oxygemtimi raihiie to ineoipoiate the imlmoiiaiy ciiculatioii has neglected 
the iiKJst offieinit owgtnatoi available The puliiioiiaiy vasciilai bed is also 
an exdllint filtration sjstein 'iroicoiei, stiong clinical evidence suggests 
that th < xclusion of the pulmonaiy eiiculation fiom paiticipatiiig in a bypass 
til I Hit may eontiibute to postopeiative icspiratory complications 

llis)icnsing iMtli an aitifieial oxygcnatoi has seieial othei piactical ad 
\ lilt igis We have leduoed the quantity of piimiiig blood to about 1 L and 
tlu dangei ot tiaiistusion reactions and various iniiioi and iiiaioi incompati 
bility pioblems aie coiiespoiidingly lessened This togethei with the lemoval 
i>f the tiaumatic faotois mheieiit in aitifieial oxygenation, has eoiitiibuted to 
notable absence of postopeiative bleeding® 

The most satisfactoiy lesults of ineoipoiating the pulmonaiy tiicuit have 
I een the high flow lates and physiologic blood piessiues that iieio achitied 
without eompiomising blood gas exchange and without inoieasiiig the com 
plexity of the ciiciiit We feel that this is most impoitaiit, pciiiiitting a 
complete oxygenation of tissues and piolonging the poimissible poiiod a cii 
ebao bypass To test this ohseivation, dogs weie subjected to a 2 houi bypass 
with caidiac auest Diuing this time nouiial blood picssiue was maintained 
with constant leseiioii loicls Blood chcinistiy was within iioiinal limits and 
hemolysis 100 mg pei cent At the conclusion of bypass, noimal caidiae ac 
tivity lesumcd The net lesults ot om teehniqiio have theiotoie been (1) a 
simplification of the extiacoipoical haiidhng of the blood and (2) a mamle 
nance of physiologic homeostasis duniig the bypass Aiidieason and Watson'® 
and Cohen and Lillehei" have demonstrated that sub b.isal peifusion may bo 
toleiated by the body for limited jiciiods of appioximately 30 minutes, hut 
extension of this time is aecompanicd by a gteat iiiciease in the opeiatice 
moitality and moibidity This is particularly applicable in pediatiic piaetico 
AVo believe that this method of extcudiiig the penod of caidiac bypass will 
ciiahle repan of the iiioie complicated cardiac defects, paiticulaily those iii tlu 
tetialogy gioup It will also, by i educing the opeiahle age, iiiciease oiu 
picsent sahage late In this younger gioup, in paiticulai, the flow thioiigh 
abiioimal bionehopulmoiiai'y anastomosis in a byjiass pioceduic with aitifieial 
oxygon ition may lie intoleiable iii iclation to total blood volume In the 
closed circuits iiicoipoiatiiig both systciiiie and pumoiiaiy systems which we 
have desciibed, flow thiough these abiioimal shunts is handled by the bit 
atiial cannula AVe do not feci that the application of this pioecduie will in 
any way be limited by the state of pulmonaiy lasculatuie oi the icspii itoiy 
capacity of the patient, provided othei ciiteria of opeiabilitx aie applied 

Indeed a picssuie lecoidiiig in the pulmonaiy ciieuit hofoie establishing 
total bypass may well indicate the state of pulmonaiy lesistance present and 
the ultimate piognosis AA'heii the acna caval to imimonai'y aiteiy ciieuit 
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is GstciblisliGcl tliG cftcct of the defect on puliuouciry avtei'y pressure is elinii- 
nated (the piilnionaiy arteiy being temporarily clamped). In even the in¬ 
tensely cyanotic individual more than adequate oxygenating capacity is availa¬ 
ble once the abnormal vascular shunts and obstructions are bypassed at the 
cardiac level. 



Pig. 2.—Photograph of extracorporeal circuit (reseivoir water baths removed). 


The two additional caiinulations required in this bypass are technically 
easy and do not prolong operative time excessively or require additional 
exposure. Their incorporation has achieved the advantages mentioned above 
and the simplification of the extracorporeal circuit illustrated in the accom¬ 
panying figure (Fig. 2). 

CONCLUSIONS 

1. A method of cardiac bypass using autogenous lung oxygenation is de¬ 
scribed. 

2. Aerated lung fields are perfused with vena caval return. Oxygenated 
blood is canmtlated from the left atrium for systemic perfusion. By occluding 
the mitral valve with a distensible balloon, a dry cardiotomy incision is ob¬ 
tained. 

3. Results of animal experiments are given. 
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4 Ad^antayes oi this pioceduic o\ti caidiat. bypass techniques entailing 
aitifieial oxygenation aic listed Xotablc among these aie the high iieifusion 
latcs, leduced blood handling and tiauma, and simplicity ot the cxtiaeoipuieal 
ciicuit 
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MONITOR AND CONTROL OF BLOOD OXYGEN TENSION 
AND pH DURING TOTAL BODY PERFUSION 


Leland C. Clark, Jr., Ph.D.* (by invitation), Samuel Kaplan, M.D. (by 
invitation), Edward C. Matthews, ALD. (by invitation), P. Kathryn 
Edwards, AI.D. (by invitation), and James A. Helmsivorth, 

Al.D., Yellow Springs and Cincinnati, Ohio 


D uring total body perfusion, the respiratory functions of the body are com¬ 
pletely dependent upon the function of a mechanical device. In fact, all 
of the biochemical functions depend upon the performance of the perfusion ap¬ 
paratus since the vital metabolic organs must also be properly perfused to main¬ 
tain their normal function. 

All lung machines, like the human lung, can be over- or underventilated. 
Therefore, some control over carbon dioxide exchange is desirable. Similarly, 
all lung machines can provide too little or perhaps too much oxygen in arterial 
blood; for this reason, some control over oxygen tension is desirable. All 
heart machines, like the human heart, are capable of underperfusing and pre¬ 
sumably overperfusing the body, so that some control of pumping rate or flow 
rate is desirable. 

Control of the gaseous composition of arterial blood is largely a matter of 
control of gas floAV rates in the machine. On the other hand, control of the 
gaseous composition of venous blood is largely dependent upon perfusion rate. 

The purpose of this paper is to describe the methods developed as well 
as the results obtained in the continuous measurement of arterial oxygen 
tension and pH in 32 consecutive patients who underwent cardiopulmonary 
bypass for the treatment of a variety of congenital cardiac defects.! The 
patients were perfused in norniothermia at flow rates calculated from a nomo¬ 
gram based upon oxygen requirement, hemoglobin, and body weight.^ Twenty- 
seven patients have done well after surgery. Of the five deaths, two occurred 


From Antioch College, Yellow Springs, Ohio, and the Departments of Pediatrics and 
Surgery, University of Cincinnati College of Jledicine, Cincinnati, Ohio. 

This work was partially supported by grants from the American Heart Association. U. S. 
Public Health Service (Grant No. H 2427-C), and the Children's Heart Association in Cin¬ 
cinnati. 

Bead at the Thirty-eightli Annual Heeting of The American Association for Thoracic 
Surgery at Boston, Bass., May 16-18, 1958. 

‘Present address: Department of Surgery, University of Alabama Medical Center, 
Birmingham 9, Ala. 

tThe detailed diagnoses are as follows; 9, ostium secundum; 1, ostium secundum wUh 
anomalous pulmonary veins; 1, ostium primum; 12. isolated ventricular septal defects; 5, ySD 
with pulmonary stenosis (tetralogy of Fallot); and 4, isolated pulmonary stenosis (infundibu- 
lar and/or valvular). The time of total perfusion varied between la and 69 minutes, with an 
average of 33 minutes. 
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4 and 6 weelts after surgery, two occurred within 48 hours after iierfusion and 
were attributed to inoperable ventricular septal defects and one within 24 
hours after perfusion due to an erior in the maintenance of blood volume. 

The interrelationships among pll, oxygen, and carbon dioxide tensions 
make it impossible to make separate .statements about each but for the present 
purpose they will be discussed indcpendeutly. 



Fiff. 1. Photograph of apparatus deslgmed for perfusion of infants, where a low blood 
volume, high output machine is required This apparatus lias a priming Nolumc of -150 cc. 
and an output of over l.-’OO cc. pex minute. 


METHOD 

The perfusion machine used is based upon the hubhle-defoam principle.^ 
The apparatus (Fig. 1) consists of a bubbling unit eciuii)ped with sintered 
glass cylinders of two porosities such that flow of fine (10 to 50 micro.^^i)d 
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coarse (1 to 3 mm.) bubBles can be independently regulated (Pig. 2) Defoam- 
ing takes place on polymethylsiloxane-coated Teflon ribbons held in a Pyrex 
chamber. Pumping is accomplished with high precision, using an electronically 
controlled oxygen piston.'' Electrodes for measuring pOo, pH, and temperature 
are suspended in a chamber (Fig. 3) mounted in the arterial stream. With 
the exception of the pH electrodes the entire unit is autoclaved. 




Fig. 2.—Bubbler unit. Bubbling is accomplished by forcing oxygen through a 1-inch 
long section of Pyrex sintered-glass cylinder (coarse) and a i-inch long Pyrex sintered flne- 
porosity cylinder. Both have diameters of 1 inch. Blood circulates around the outside of the 
porous tubes held in the vertical glass cylinder. Oxygen is passed to each porous tube by 
the separate inlets shown at the bottom of the unit. Venous blood enters the two tubulations 
shown on the lower left. Disposable porous bubbler units have been developed and are avail¬ 
able from the Selas Corp.. Philadelphia, Pa. 

Pig. 3.—^Monitor chamber. In routine use this chamber contains a glass pH electrode, 
a reference pH electrode, a thermistor thermometer probe, and a Clark oxygen electrode. 

Pig. 4.—^Diagram of Clark oxygen electrode. The glass-insulated platinum cathode 
presses against a 1 mil (0.001 inch) polyethylene membrane. The outer tube is made of 
Lucite and holds saturated KCl which forms an extremely thin (capillarity) layer between 
the platinum and the polyethylene. The lead wires are sealed in a nylon cap filled with cast 
acrylic. The anode (reference electrode) is a silver wire immersed in the electrolyte. 

Oxygen tension was measured with the membrane electrode described by 
Clark and associates'*’« and shown in Fig. 4. Most of the determinations were 
conducted using a polyethylene membrane, although recently Teflon membrane 
has been used in an autoclavable electrode. Application of the electrode in blood 
oxygen analysis has been reported by others®'® while Sawyer and George*® have 
studied its application to other gases. The circuitry and recording apparatus 
has been previously described.*** 


*A simple polarograph circuit is available from the authors.' 
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The pH was monitored either with a conventional glass electrode together 
Avith a calomel reference electrode or with a “combination” glass-AgCl-Ag 
electrode. An industrial pH meter was used in connection with a Brown 
recorder for recording the arterial pH.* The glass electrode was coated with 
silicone. Provision was made to kcej) the pressure of the saturated electrolyte 
in the reference electrode above that of the blood. 

Blood temperature was automatically controlled at 37.5° ± 0.5° C. and 
subsequently monitored by a thermistor-type thermometer.’^' Venous blood 
samples were taken from the venous inflow to the machine and analyzed by 
Van Slyke methods. 






b ^406080100 140 180 220 260 900 940 360 420 460 900 940 960 620 660 700 

pOi mm. Hg 


Flff. S,—Oxygen saturation versus oxygen tension. This Is a Uldgraniiiiatlc repjcsentation 
to illustrate the large range of oxygen pressures (from 100 to 700) vvhicli do not lend them¬ 
selves to analysis by conventional Van Sl>ke or spectrophotometrlc proceduies 


RESULTS 

Blood-Oxyyen Tension. —During perfusion, tlie arterial oxygen tension in 
all patients was maintained between 400 and COO mm. Hg. This range of ten¬ 
sion was selected for several reasons. It wa.s considered sufficiently below 
complete saturation of tlie plasma with o.xygen to obviate the possibility of 
oxygen embolism; furthermore, animal experiments showed it to be completely 
safe for periods of total perfusion of at least 1 hour. By nearly saturating the 
plasma with oxygen it is possible to increase the oxygen transport capacity of 
the blood by an amount roughly equivalent to that of an extra gram of liemo- 
globin per 100 c.e. Last, it i.s easy to operate tiie machine in this range of 
arterial oxygen tension for it tends to be automatically held there, by virtue 
of the reduced pressure (-100 min. Hg) in the defoaming ehamlier and to give 
ample time for warning (Pigs. 5 and 7) of the need for addition of more o.xygen 
(fine babbles) in the event that the tension begins to deeveasc. This method 
of monitoring has proved to be reliable, llonitoriiig of venous oxygen tension 
has been equally reliable but less valuable because of the small changes in 
tension whieli accompany large changes in venous o.xygen capaeit,y or flow rate.’ 

♦The equipment used for pH is the Model W industual pH meter (Beckman Instrument, 
Inc, Fullerton. Calif.) equipped with fixed resHtor ln.*ilead of temperature compcns.iting elec¬ 
trode and v\lth resistor to give 10 mv. output in range of pH 6 to 8: a MinneapoHs-Honcyv\en 
recorder having exact range -5 mv. to +5 mv. with center 0 and chart speed of on Inch per 
71 /i minutes or an inch per minute. Special pH recording-paper scale (6 to 8) is available 
as Plate 731. 
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Venous saturations were between 56.8 and 83.4 per cent in the 22 patients 
studied, with the mean at 72.5 per cent. Individual patients maintained a 
remarkably constant venous saturation. 

JTydrogen Ion Concentration .—The continuous records obtained by monitor¬ 
ing arterial blood pH were measured and tabulated as shown in Table I. The 
mean pll for 30 patients was 7.42, with a standard deviation of ± 0.04. There 
is a tendency for the blood pH to be somewhat high during the first 5 minutes 
preceding and the first 5 minutes succeeding the beginning of total body per¬ 
fusion. This appears to be due to the slightly above normal i)H of the (recircu¬ 
lated) donor blood, and use of a somewhat exce.ssive amount of large bubbles 
as the machine is started. After perfusion is under way, the pH can be con¬ 
trolled with remarkable precision, as indicated by the data displayed in the 
table. 

Table II, Venous Bloob C.utBO-v Bioxide 


1 

PATIENT 1 
NUMBER 

1 VOLUMES PER CENT 

0-10 1 
MIN. 

11*20 

MIN. 

1 21-30 1 

1 MIN. 1 

31-60 

MIN. 

1 MEAN 

11 

35.8 

35.1 


33.6, 34.7 

34.8 

13 

41.2, 41,0 

■tO .1 



41.1 

13 

50.2 

48.3 



49.2 

14 

41.4 

42.1, 39.3 



40.9 

15 

39.0 

37.2, 38.6 



38.4 

16 


39.3 

43.8 


41.6 

17 


55.5. 52.6 

52.4 


53.5 

18 

44.4 

43.0 

40.8 


42.7 

19 

48.9 

44.2 

41.1, 42.0 


44.7 

20 

44.5 

44.1, 41.7 



43.4 

21 

45.1 

41.8 

400 


43 0 

f )0 

39.2, 39,4 


3^4 

37.2 

38.8 

23 

38.9, 41.7 

39.9 



40.2 

24 

42.4 

42.4, 42.4 

42.1 


42.3 

25 


41.0, 40.8 

40.9 


40.9 

26 

38.4 

39.3, 38.3 

39.3 


39.0 

27 


44,1 

42.T 

45.5, 42.8 

43.8 

28 

38.3 

41.2 

39.6 

38.9 

39.5 

29 

44.9 

39.8 



42.4 

30 

41.8 

40.3 



41.1 

31 


39.9, 36.6 



38.3 

32 

37.9 

39.2 

38.2 


3S.4 

Mean 

41.8 

41.7 

41.9 

38.8 

41.7 

Range 

(.35.8-50.2) 

(35.1*55.5) 

(38.2-52.4) 

(33.6-45.5) 

(;U.8..5.3.5) 

S.D. 

±.3.6 

±4.2 

±3,4 

±4.2 

±3.8 

E.xpressed as niM per liter; 





Mean 

18.8 

18.7 

18.8 

17.4 

18.7 

Range 

(16.1-22.5) 

(15.8-24.9) 

(17,2 23.5) 

(15.1-20.4) 

()o.7-2J.O) 

S.D. 

± 1.6 

±1.9 

±1.5 

±1.9 

±1.7 


Technical difficulty with pH monitoring was encountered in 3 patients of 
the 32 pei’fused; this was due to blood entering the reference electrode. 

While control of blood pll is, of course, important in itself, I lie main pur¬ 
pose of the pH monitoring wa.s to have an inde.x of arterial pCO-. The elfec- 
tivene.ss of this indirect control i.s discussed below. • 

Venous Blood Cartoon Dioxide .—The data obtained bi' anab\sis of venous 
blood for carbon dioxide are shown in Table II. The mean veno'' ’ blood 
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Venous saturations were between 5G.8 and 83.4 per cent in the 22 patients 
studied, witli the mean at 72.5 per cent. Individual patients maintained a 
remarkably constant venous saturation. 

Hydrogen Ion Concentration.—-Ihe eoutmuous records obtained b.y monitor¬ 
ing arterial blood pll were measured and tabulated as shown in Table I. The 
mean pII for 30 patients was 7.42, with a standard deviation of ± 0.04. There 
is a tendency for the blood pll to be somewhat high during the first 5 minutes 
preceding and the first 5 minutes succeeding the beginning of total body per¬ 
fusion. This appears to be due to the slightb' above normal pH of the (reeireu- 
latcd) donor blood, and use of a somewhat exec.ssive amount of large bubbles 
as the machine is started. After perfusion is under way, the pll can be eon- 


trolled with remarkable 

precision, as 

indicated 

by tlie data 

displayed in tlie 

table. 







Table U. Venous 

Blood Caubon Dio-vide 




VOLUMES PER 

CE-VT 


PATIENT 

010 I 

11-20 

21-30 

I 31-60 

1 

NUMBER 

MIN. 1 

MIN. 

MIN. 

1 MIN. 

1 MEAN 

11 

33.8 

35.1 


33.6, 34.7 

.81.8 

12 

41.2, 41.6 

40.1 



11.1 

13 

50,2 

48.2 



10,3 

14 

41.4 

42.1, 39.3 



10.0 

15 

39.5 

37.2, 38.6 



38.1 

16 


39.3 

4,1.8 


11.0 

17 


55.5, 52.6 

52.4 


J3.J 

18 

44.4 

43.0 

■10.8 


42,7 

19 

48.9 

44.2 

41.1, 42.0 


14.7 

20 

44.5 

44.1, 41.7 



4.1.4 

21 

45.1 

41.8 

19 9 


4.1.0 


39.2, 39.4 


39.4 

37.2 

.33.'i 

23 

38.9, 41.7 

39.9 



40.2 

24 

42.4 

42.4, 42.4 

42.1 


42.3 

25 


41.0, 40.8 

40.9 


40 !> 

26 

38,4 

39.3, 38.3 

39.3 


.31K0 

27 


44.1 

42.7 


43.3 

28 

38.3 

41.2 

39.6 

38.9 

3PJ 

29 

44.9 

39.8 


42.4 

30 

41.8 

40.3 



4U 

31 


39.9, 36.6 




32 

.17.9 

39.2 

3S.2 



Mean 

Range 

41.8 

(35.8-50.2) 

±3.0 

41.7 

(35.1 55.5) 

±4.2 

41.9 

(38.2-52.4) 

+3.4 

(3.V 6 /J 5 ) 

24.2 

iir 

s^'^y 

Expressed as 

mM per liter: 




!\ ' 

Mean 

Range 

S.D. 

IS.S 

(16.1 22.5) 

±1.0 

18.7 

(15.8-24.9) 

±1.9 

JS.8 

(17.2.2,1.5) 

±J.5 

ir-t 



Teehuieal difficulty ivitli pll monitoiint' was m'mmO'od'' ^ , 
the 32 perfused; this was due to Wood entering the oiir""'’’']' . 

While control of blood pH is, of course, iaiperuat 
pose of the pH monitoring was to Imre an inder ef 
iveness of tliis indirect eontroj is discussal ^ - 

Venous Blood Cnrhon Dioj-ulc—The tUiJ V 
ood foi carbon dioxide are shonn in Tjlde^^ ^ ^ 
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CO, content was 41.7 volumes per cent (18.7 niM per liter) which gives a mean 
calculated pCO, of approximately 33 mm. Hg. These figures are within the 
range of normal. 

^ The venous carbon dio.xide can be held constant over a period of perfusion, 
as indicated by average values given at the bottom of the table. However, the 
carbon dioxide content of the blood of individual patients varied from 34!s to 
53.5 showing, as might be expected, that at a constant regulated pH, the venous 
CO:, content varied considerably, although within a tolerable range. 



AT TIME OF 

EQUILIBRATION WITH OXYGEN 

Fig. 6.—Temperature-solubility relationship. Data obtained from Handbook of Physics and 
Chemistry, Cleveland, Ohio, 1957, Chemical Rubber Publishing Co. 

Because small changes in blood pCOv have a greater physiologic effect than 
small changes in blood pll, particularly on cerebral circulation, it may be desir¬ 
able in the future to continuously monitor pCOz directly by an electrochemical 
method, .such as that of Stow and a.ssoeiates.” Simultaneous continuous meas¬ 
urement of j)CO, and pH would provide a very sensitive index of the onset 
and course of metabolic acidosis. In certain types of blood-gas exchange units 
it should be equally valid, and perhaps simpler, to monitor the CO 2 content of 
the effluent gas from the machine. 

Intravenous alkali therapy was not used during perfusion or afterward.^* 

Temperature .—Our perfu-sions in man have been conducted with blood auto¬ 
matically regulated to 37.5° C. Use of blood at constant temperature has, 
aside from the “physiological” arguments, the advantage of eliminating tem¬ 
perature corrections on the measuiing electrodes, thus making the instruments 
direct-reading. The pH and PO 2 electrodes are standardized at 37.5° C. before 
the perfusion begins and chocked agaiiv after the perfusion is completed. (pH 
electrodes, which have been silicone-coated by exposure to silicone oxychloride 
vapors, maintain their .stairdardization to within ± 0.02 after prolonged e.x- 
posure to blood.) 

Gas solubility is perhaps the main practical consideration as far as tem¬ 
perature effects in blood are concerned. We have been unable to fiP^l studies 
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of this factor for whole blood, but Fig, C illustrates the magnitude of the teni- 
perature-solul)iIity etfeet for o.xygcn-saturated water. During rapid cooling 
and rewarming, the large temperature differences found in different organs 
suggest that differential organ oxygen embolism could be produced. 

Simultaneous Recording. —Pig. 7 is given to summarize many of the con¬ 
cepts described. It shows actual records of ijOo, pH, and arterial blood 
pressure during total perfusion of a dog at a rate of 1.2 L. per minute. There 
is a COO c.c. blood volume in tlie apparatus between the point of entry of tiie 
oxygen and the monitor chamber and thus, at this flow rate, a 30-second lag 
between ehanges in oxygen gas flows and the recording of the effect. 




Fig- 7 —Simultaneous recording's ot blood oxyjren tension, blood pH. and arterial pressure. 
The pOj and pH records read from right to left. Off indicates claniplng the oxygen supply to 
the bubbling unit, oji Indicates return of the oxygen bubbles. The curved vertical lines in the 
background of the pOj record indicate 30-second intervals. 


In this experiment, the total supply of oxygen to the bubbler was clamped for 
exactly 1 minute. The oxygen tension fell from about 580 mm. to 75 mm., the 
pH fell from 7.37 to 7.25, the blood pressure rose from 80 to 100, ivith a prompt 
return to original values. The precision with which the effect could he duj)!!- 
eated is also shown. It can be demonstrated that by clamping the large bubble 
supply, a pH drop occurs, while the arterial pO. remains above 500 mm. Simi¬ 
larly, by clamping the fine bubble supply, the arterial tension can he dropped 
several hundred millimeters while maintaiiiiug the blood pH without change. 

In the e.xperiment shown in Fig. 7, the return to nom)ai values was rapid 
and complete; however, if the period of h ' W' t 'i’lOed • ■'.ond 
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this time, changes in blood pH were produced which could only be reversed by 
intravenous alkali. 

SUMMARY 

Methods for the continuous measurement and recording of oxygen tension 
and hydrogen ion concentration have been developed and applied to the con¬ 
trol of total body perfusion in man. Their application has made it possible 
accurately to control arterial oxygen tension and, through pH, to gain ade¬ 
quate control of carbon dioxide tension. 


We gratefully acknowledge the assistance of Mrs. S. Kaplan, Miss Ruth Parker, Mrs. 
Stephanie Reichman, and Miss E. Phyllis Fox. 
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EXPERIMENTAL AND CLINICAL STUDIES OF CONTROLLED 
HYPOTHERMIA RAPIDLY PRODUCED AND CORRECTED BY 
A BLOOD HEAT EXCHANGER DURING EXTRACORPOREAL 
CIRCULATION 

Ivan \V Brown, Ji , AID (by mutation), IP'iit IF Smith, AID 
(by invitation), IK Glenn Y oiing, Ji , AID (b) ini Hatton), 
and W C Sealy, yll D, Dm ham, N C 

Fn pbemous jepoits,* - ’ we liave described oiii e\peiieiice employing a com- 
1 biiiatioii of hjpotliciima and e\Uacoiporeal ciidilation for open beait suigeri 
In oiu flist 50 cases using this combination, we used the usual methods of 
aehioMiig hypotheiniia such as ice packs, leiiigeiatcd blankets, etc Howesoi 
the well known disadiantages of these methods, such as the time lefiuiied foi 
cooling and lewarming, lengthening of anesthesia time, pool contiol and doivn 
iiaid diift of tempoiatuie, piomptcd us to eialuate the method of diicct blood 
cooling as deseiibed in animals bv Gollan* - and Pieice' and then associates and 
in a limited numbei of patients by Ross' During tliLs past jeai we deseiibcd a 
simple blood beat exeliangei foi use with cxtiacoipoioal circulation® ® and latei 
lepoitcd oui initial experiences emplojing it foi clinical open hcait surgerj " 

Biiefly, the heat excliangei assembly consists oi an automatic therinostatie 
uatei mixing \al\e, heat exchange unit and bubble tiap filtei unit all mounted 
on a pole tjpc tlooi stand The automatic theimostatic watei mixing salve 
blends hot and cold tap ssatei earned to it by ordinais' gaiden hoses The 
svater entering the boat exchange unit is automatically and picciselv theimong 
iilated legaldless of fluctuations in supply watci temperatuie oi picssuio and 
flows thioiigh the exehaiigei at a latc of thice gallons pel minute The design 
and consti notion of the all stainless steel exchangei unit" iieie based specifically 
upon the physical piopeities and exacting icciiiiiemeiits of human blood The 
exchanger, although it has a blood loliime of only' 175 cc, neveithelcss has a 
leiy' high efficiency oi heat tiaiisfer as illustrated in Fig 1 Aftei Honing 
through the exchanger unit, the blood passes into an efficient bubble tiap filtei 
and thence into the patient’s aiteiy An autoclavable theimistoi piobe ui the 

From the Department of Thoracic Surt,cr> Duke Uni\ersltj Medical Center Durham 

N C 

Tills uoik has been supporttil in part b> U S Public Health Ser\ice Orint U-1782(C3) 

Read at the Thirty eujhtli Innual 'Meetlnff of The Vnierlcan IssoclTtlon for Thoracic 
Sureerj at Boston Alass Alai 16 IS 1958 



498 


BROWN, SMITH, YOUNG, SEALY 


J, Thoracic Surg. 
October, 1958 


bottom of the bubble trap continuously monitors the inflow blood temperature. 
The heat exchanger assembly may be used with any type of extracorporeal 
circuit and is interposed in the inflow line between the heart-lung machine and 
patient’s cannulated artery. 

In evaluating this method of producing hypothermia clinically, a number 
of questions have arisen. First, what relative velocities of cooling and rewarming 
could be achieved by it? Second, does this method of rapidly producing hypo¬ 
thermia cool all the vital organs sufficiently? Does the high oxygen saturation 
of the mixed venous blood that occurs with this internal cooling truly reflect cool¬ 
ing and therefore less oxygen consumption by all the vital organs or does the 
venous oxygen saturation from some of these organs fall to undesirable levels 



Fig-. 1.—Graph showing blood temperature change across the heat exchanger per degree 
centigrade of the temperature difference between inlet blood and inlet water. If the inlet 
temperatures of the blood and water are known, then the temperature change that would 
take place in the blood between the exchanger inlet and outlet can be determined by multi¬ 
plying the factor obtained on the ordinate from the curve and blood flow rate by the blood- 
water inlet temperature difference (I. T. !>.). 

while the mixed venous oxygen saturation is maintained? It was also desirable 
to know whether or not the site of entry into the body of the exchanger-cooled 
blood was of major importance. For the control of the hypothermia, it tvas 
important to determine what accessible location in the body most closely reflected 
vital organ temperature. The answers to these problems were sought through 
the following experimental and clinical studies. 


METHODS 

Healthy mongrel dogs varying in weight from 11 to 24 Kg. were anesthetized 
with intravenous sodium pentobarbital, intubated, and mechanically respirated 
with room air. In certain experiments, thermistor needles or probes were in¬ 
serted into the cerebral cortex, right heart, midesophagus, liver, kidney cortex, 
rectum, and thigh musculature and connected to calibrated telethermometers. 
Cardiopulmonary bypass was then carried out using a slightly modified DeWall 
type bubble oxygenator and Sigmamotor pump, the vascular connections be¬ 
ing made with the femoral (or left subclavian) artery and superior and in¬ 
ferior venae cavae by way of the external jugular vein, right auricle, or femoral 
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4 0111 Teiiipeiatiiie lecoids of \cloeities of cooling and lewaiming weie then 
determined ii ith the heat exchangei for various perfusion rates and iv atcr blood 
thermal gradients 

In other dog e\peiiments, in addition to the abo\e pi eparatioiis, small 
poljethylene cdtheteis were inseitcd in the sagittal lenoiis sinus, light aiiiicle, 
hepatic \ein, leiial vein, siipeifieial femoial lein, and oceasionalh a meseiiteiic 
leiii in oidei to obtain anaeiobiealh samples ot \enoiis blood fiom these organs 
foi o\ygen anahsis 

Additional samples weie taken anaeiobiealh of aiteiial blood and of the 
niived venous blood tioin the icnous letiiin to the hcait-liing machine The 
blood samples 14010 taken after 15 to 30 minutes of perfusion at different tloii 
rates ivith vaiiing degrees of hjpothcimia Owgen saturation ivas deteimined 
bj the method of Hickam and Fiajsei Hemoglobin concentration ivas detei 
mined by the ci anmethemoglobin method of Diabkin “ Due to the natiiio of 
these expelimeiits involving extensile dissection, cianiotonii, and theimistoi 
piobo injui ’3 to the ceiebial cortex, etc, no attempt for suiiiial iias made and 
all the animals ivoie sacrificed at the end ot the cxpei iiiioiits 

In 0111 clinical studies made dining open heart opeiations eombiniiig hjpo 
tliermia and cxtiacoipoieal cireulation, tlicimistoi probes liaie been inseitod 
in the high leetuin and mid csophagas In many patients deep thigh and back 
miisciilatme teinpoiatuies haie been iccoidcd from needle theiinistois In a 
feiv patients, the eeiebial venous blood tcmpeiatiiie has been lecoided from a 
small catheter thoimistoi probe inseited into the right iiigular bulb at the base 
of the brain via the right auiielc and internal jugnlai vein Arteiial and mixed 
venous blood samples have been taken fioin many ot these patients at iiiteivals 
dining and aftei opeiatioii for oxygen saturation, CO content, and pH detei 
minatioiis 

RESULTS AND DISCUSSION 

Rates of Cooling and Reicanmng —Studies of body cooling and leivaiming 
velocities emplojing the heat excliangei have shoivn some 4.11 rations in both dog 
and man Hoiievei, 441 th modeiatc blood flow lates of 35 to 50 co/Ixg/min 
(0 9-13 L/jr’/niiii ) it has been possible to leduce the mid esophageal tern 
peidtiiie tiom 37° to 30° 31° C in 5 to 7 minutes (Fig 2) It 4vas found th,it 
these velocities depend on many factois, including the cooling viatei tempeiatuie, 
size of patient, and peifusioii rate, thus, cooling rates slouei 01 fastei than this 
may be obtained For example, in 1 dog while emploving .1 flow late of 100 
cc/Kg/min (225 L/JIViniii) with an inflow blood tempeiatuie ot 19° C, 
the tempeiatuie toll 7° C 111 1 minute 

Revvaiming velocities have been sliglitlj slovvci due to the theiiiial limits, 
still pooily dehned, to which blood niaj be heated without damage Dining 
levvaiming, even though a wide blood-watei theimal giadieiit maj exist, the 
blood film eoiitacting the walls of the heat cxchaiigei iiiaj closely appioach the 
teinpciatuio ot the heating water However, because of the exchanger’s high 
heat tiaiisfei efficiciicj we have been able to rcwaiiii dogs and patients_jit a 
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bottom of tile bubble trap continuously monitors the inflow blood temperature. 
The heat exchanger assembly may be used with any type of extracorporeal 
ciicnit and is interposed in the inflow line between the heart-lung machine and 
patient’s eannulated artery. 

In evaluating this method of producing hypothermia clinically, a number 
of ({uestions have arisen. First, what relative velocities of cooling and rewarming 
could be achieved by it ? Second, does this method of rapidly producing hypo¬ 
thermia cool all the vital organs sufficiently ? Does the high oxygen satui’ation 
of the mixed venous blood that occurs with this internal cooling truly reflect cool¬ 
ing and therefore less oxygen consumption by all the vital organs or does the 
venous oxygen saturation from some of these organs fall to undesirable levels 



Pier. 1.—Graph siiowing blood temperature change across the heat exchanger per degree 
centigrade of the temperature difference between inlet blood and inlet water. If the inlet 
temperatures of the blood and water are known then the temperature change that would 
take place in the blood between the exchanger inlet and outlet can be determined by multi¬ 
plying the factor obtained on the ordinate from the curve and blood flow rate by the blood- 
water inlet temperature difference (I. T. D.). 


while the mixed venous oxygen saturation is maintained? It was also desirable 
to know whether or not the site of entry into the body of the exchanger-cooled 
blood was of major importance. For the control of the hypothermia, it was 
important to determine what accessible location in the body most closely reflected 
vital organ temperature. The answers to these problems were sought through 
the folloiving experimental and clinical studies. 


METHODS 

Healthy mongrel dogs varying in weight from 11 to 24 Kg. were anesthetized 
with intx'avenous sodium pentobarbital, intubated, and meehanieallj'’ respirated 
with room air. In certain experiments, thermistor needles or probes were in¬ 
serted into the cerebral cortex, right heart, midesophagus, liver, kidney cortex, 
rectum, and thigh musculature and connected to calibrated telethermometers. 
Cardiopulmonary bypass was then carried out using a slightly modified DeWall 
type bubble oxygenator and Sigmamotor pump, the vascular connections be¬ 
ing made with the femoral (or left subclavian) artery and superior and in¬ 
ferior venae cavae by way of the external jugular vein, right auricle, or femoral 
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vein. Temperature records of velocities of cooling, and rewarming were then 
determined with the heat e.xclianger for various perfusion rates and water-blood 
tliermal gradients. 

In other dog experiments, in addition to the above preparations, small 
pol.yetIiylene catheters were inserted in the sagittal venous sinus, right aurieie, 
liepatie vein, renal vein, superficial femoral vein, and occasionally a mesenteric 
vein in order to obtain anaerobically samples of venous blood from these organs 
for oxygen anal.vsis. 

Additional samplc.s were taken anaerohicall.v of arterial blood and of the 
mixed venous blood from the venous return to the heart-lung machine. The 
blood samples were taken after 15 to 30 minutes of perfusion at different flow 
rates with varying degrees of hypothermia. O.xygen saturation was determined 
bj' the method of Hickam and Frayser.’" Hemoglobin concentration was deter¬ 
mined by the e.yanmcthemoglobin method of Drabkin,” Due to the nature of 
these experiments involving extensive disseetion, craniotomy, and thermistor 
probe injury to the cerebral cortex, etc., no attempt for survival was made and 
all the animals wci'e .sacrificed at the end of the experiments. 

In our clinical studies made during open heart o))eration.s combining hypo¬ 
thermia and extracorporeal circulation, thermistor probes have been inserted 
in the high rectum and mid-esophagus. In many patients, deep thigh and back 
musculature temperaturc.s have been recorded from needle thermistors. In a 
few patients, the cerebral venous blood temperature has been recorded from a 
small catheter thermistor probe inserted into the right jugular bulb at the base 
of the brain via the right auricle and internal jugular vein. Arterial and mixed 
venous blood samples have been taken from man.y of these patients at intervals 
during and after operation for o.xygcn saturation, CO. content, and pH deter¬ 
minations. 

RESULTS AND DISCUSSION 

Rates of Cooling and Rewarming .—Studies of body cooling and rowarming 
velocities employing the heat e.xclianger have shown some variations in both dog 
and man. However, with moderate blood flow rates of 35 to 50 c.c./ICg./min. 
(0.9 - 1.3 L./JI.Vmin.) it has been po.ssible to reduce the mid-esophageal tem¬ 
perature from 37° to 30°-31° C. in 5 to 7 minutes (Fig. 2). It was found that 
these velocities depend on many factors, including the cooling water temperature, 
size of patient, and perfusion i-ate; thus, cooling rates slower or faster than this 
may be obtained. For example, in 1 dog while employing a flow rate of 100 
e.c./Kg./min (2.25 L./JI.Vmiii.) rvitli an inflow blood temperature of 19° C., 
the temperature fell 7° C. in 1 minute. 

Rewarming velocities have been slightly slower due to the thermal limits, 
still poorly defined, to which blood may be heated without damage. During 
rewarming, even though a wide blood-water thermal gradient may exist, the 
blood film contacting the walls of the heat exchanger may closely approach the 
temperature of the heating water. However, bccav f the le'^^jigcr’s high, 
heat transfer efiiciency wc have been able to re ■ ‘ is ■’ 
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satisfactory rate with a maximum water temperature of 43° C. which we feel 
is a safe temporary level for blood. Once the desired degree of hypothermia 
has been attained, the heat exchanger may be so regulated that the patient’s 
tempeiatuie may be held within 0.5° C. of this level (Fig. 2). In most instances, 
it has been possible to rewarm both dogs and patients from 30° C. to 35° 0. 
in a period of T to 12 minutes at perfusion rates of 50 c.c./Kg./inin. (1.4 L./M.V 
min.) (Pigs. 2 and 3). 



MINUTES 

Fig. 2.—Graph of temperatures recorded during bypass interval in operation for inter¬ 
ventricular septal defect. Note the rapid cooling velocity and plateau of esophageal and brain 
temperatures. The esophageal temperature is seen to return rapidly toward normal with the 
brain temperature immediately after the blood temperature was raised by the heat e.xchanger. 

The heart, liver, and kidney in both the dog and man were found to cool 
the most rapidly, tlie brain and esophagus cooling only slightly slower. We 
have found this order of vital oi'gan cooling rate to be essentially the same 
regardless of the site of arterial inflow. Rectal temperature has proved far 
less useful as a guide to vital organ temperature, showing considerable variation 
of response from patient to patient. 

Studies of Fractional Venous Oxygen Saturation .—Data from 15 acute 
hypothermia perfusion experiments in dogs, during which oxygen saturations 
were determined on serial samples of venous blood from the brain, right heart, 
liver, kidneys and leg, are given in Table I. These data show, as would be 
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expected, the liighest mixed venous oxygen satuiation in eutheiniic animals at 
the highei flow lates At flov rates below 75 c e /Kg /min (1 58 L /3I ’/min ) 
at 37° C, the mixed venous oxjgen satuiation falls helov iioinial values with 
an aveiago of 38 pei cent satuiation at flow lates ot 25 ee/Kg/niin (0 57 
L /M -/min ) At 30° C , theie is eoiisiderable impiovement of mixed venous 
oxj gen satuiation in animals peifused at flow lates below 75 c c /Kg /mm (1 58 
L /JI ’/mill ) and theie is maiked impioiement at 25° C The data on oxigeii 
satuiation ot venous blood from xaiious oigans also show these same trends 
with legaid to flow late and tempeiatuie 


TEMP DOG PERFUSION WITH HEAT EXCHANGER 



Fiff 3—Temperature chart from a typical dog cooUng and rewaiming experiment Note 
how closel} tlie heart and kidney cooling: and rewaimlng curves follow one another Note 
slightly slower roponse of the brain 

In some cxperuiieiits, while inserting the hepatic vein catheter, it was 
difficult to avoid coiitiaction ot the laigc liepatie vein sphiiicteis,’- tliat so 
freijuentlj cause venous eiigoigeinent of the livei and obstiuction to poital 
blood flow 111 expel linen ts ot this soit Thus, this physiologic meehaiiisiii, peeu- 
liai to the dog and ceitain othei mammals, whicli caused hepatic congestion iii 
some ot the animals undoubtedly accounted toi at least some of tlie low oxygen 
values obtained with tlie hepatic vein blood In addition, a few of the hypo 
theimic animals developed model ate bradvcaidia with slowei emptving of the 
light heait This may have lowered some of the oxvgeu values obtained with 
the light lieart blood In geiieial, liowevei, these fiaetional venous oxygen 
valms show good lelative coiielation vnth the mixed venous oxygon saturation 
data at the vaiious flow latcs and temperatuiLS tmplovcd This would indicate 
that tlie level of mixed venous oxygen satuiation leflccts fairly accuiately the 
lelativc oxygen satuiation of the venous blood, at least Iiom the oigaiis studied 
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Tliese data also illiistiate tiie close corielation between the raid esophageal tem- 
peratuie and the tempeiatuie oi the othci organs studied at both the 30° G 
and 25° 0 ranges 

Chnical Studies —Studies on 27 patients undeigoing open heart surgery 
with a coinbination ot lijpothennia produced bj a heat e\changei and extra 
eoipoieal circulation have shown results sinular to those obtained m the ex 
perimental animal As m the dog, cooling and rewainiing of man can be 
achieved in a matter of a few minutes and this has made it possible for us to 
proceed with intracaidiae operations as usual, with the patients lemaining 
eiitlieimie until just before commencing the ciieiilatoij bjpass At this time, 
one of the patient’s aiteiies is caimiilated foi arterial infloM and the inferioi 
vena cava canmilated via a femoial vein foi lower venous outflow The heart 
lung niachine is then started at a low to model ate flow rate, and the patient 
perfused with blood cooled by its passage tliiough the exchanger 

Ill this maniiei, hypothermia of 30° to 31° C can be acliieicd in the 5 
to 7 minutes just prior to the cardiac portion of the operation dm nig the time 
that final preparations aio being made, such as nisei ting and eonnecting the 
supciioi vena eava outflon catheter, etc 

Data relative to perfusion rate, tempeiatuie dining peifnsion, and lonoiis 
oxygon satin ation on 6 rcpiesentativc patients, in whom this technique of hypo 
tilermia induced by a heat exchangci was emploted foi open heart siugorj, aio 
shown 111 Table II It will be noted that in spite of low flow lates in 5 of these 
patients, hypotheimia allowed for the maintenance of noimal mixed venous 
oxygen values thioughoiit the ptoeeduie 


Tiule II Clinical DAri 


PIAG^OSIS I 

ifOW 1 

(C C /KG ) 1 

FLOW 

I /M 

k’5oi jrvcru 

TEvri C" r ) 

I MIXED VENOUS Og SAT (%) 

I DLIUKGIERHISION 


29 

0 83 

31 

64 (5 ) 60 (10') 

u s 

20 

0 95 

39 

75 (5 ) 70 (10') 

IVD 

51 

15 

33 

61 (!') 59 (15') 60 (25') 

IVD 

42 

0 93 

33 

7S (S ) 79 (It') 

IVD 

OO 

1 34 

30 

84 (2 ) 74 5 (8 ) 

IVD 

35 

0 94 

39 

63 (10 ) 70 (15') 63 (30 ) 


(') = aiJnutes of perfusion after venae cavae v^ere occIudeJ 
M S = Recurrent mitral stenosis 


One advantage of combining Inpothcimia and extraeoipoical eiiculation 
IS illiistiafed by the clinical data shown giaphically in Pig 4 This patient's 
calcified and stenosed aoitic \alve was opened directly tluough a nuukedh 
dilated and thinned out aoita Poi this portion of the opeiatne pioccdiuc his 
tempeiatuie was loweied hr the exehangei to 30° C The opeiation and closure 
of the aortotoniy lequned Gi^ mmiitts ot aoitic occlusion Aftci this, the 
patient was lapidh lewaimed Howeier, a poition ot the sutiiie line in the 
fiiahle aoita was inadequate and a tcmfyiiig leak dcielopcd thioiigh a small 
teal ncai the aortie base When tins occiiiied, the patient was quicklj re 
cooled to 32° C while the successful lepair of the aoita, leiiuiring a fuw,^ ' 
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12 minutes of aortic occlusion, was carried out. Tlie patient suffered no se¬ 
quelae and made an uneventful recovery. In the 27 clinical cardiac operations 
in which this method of producing hypothermia has been employed, we have had 
no difficulties or complications attributable to the procedui’e or apparatus. 



Fig. 4.—Temperature chart of a patient who unUerwent aortic valvuiotomy for calcified 
aortic stenosis. 

After closure of aortotomy, a serious ieak and small tear in the aorta occurred. Patient 
was again rapidly cooled to 32° C. and the aorta clamped for 12 additional minutes. Un¬ 
complicated postoperative course, no sequelae. 


SUMMARY 

Acute experiments on dogs combining extracorporeal circulation and hypo¬ 
thermia rapidly produced and cox-rected by a blood heat exchanger have been 
described. Studies were made of the cooling and rewarming velocities of various 
organs and tissues. It was found that the heart, liver, and kidneys cool and 
rewarm most rapidly and at essentially the same rate when hypothermia is pro¬ 
duced and corrected by this method. The brain and mid-esophagus cool and 
rewarm at only a slightly slower I'ate. It was found that the mid-esophagus 
temperature most closely reflected the other vital organ temperatures. In 
both animals and man it has been possible to lower the temperature from 37° 
to 30° C. in a matter of a few minutes and to maintain evenly a chosen hypo¬ 
thermic temperature level to within 0.5° C. Rewai’ming from 30° to 35° C. 
has been accomplished at only a slightly slower rate than that of cooling. Oxy¬ 
gen satui’ation values of venous blood from the bi’ain, right heart, liver, kidney, 
and leg in the hjqxothermic dog, maintained by a pxxmp-oxygenator, show good 
relative correlation with the mixed venous blood oxygen values. 
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TJie effects of diffeient peifusion rates at 38°, 30°, and 25° C upon the 
mi\ed and fractional venous oxygen saturation le\els aie also described 

Hypotliennia pioduced by a blood heat exchange method and its combina 
tion with extracoipoieal cii dilation has been employed in 27 patients under 
going open heart suigeiy This clinical cxpeiience is biiefly summaiized and 
peitinent studies on a lew of these patients discussed 
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CEREBRAL BLOOD FLOW, METABOLISM, AND BRAIN 
VOLUME IN EXTRACORPOREAL CIRCULATION 


M. Martin Halley, Al.D. (by invitation), Keith Keemtsma, M.D. (by 
invitation), and Oscar Creech, fr., M.D., New Orleans, La. 

A jMONG the complications of extracoi’poreal circulation are neurologic dis¬ 
turbances varying in severity from transient disorientation to progressive 
lethargy, coma, and death. A number of factors have been mentioned in the 
etiology of this syndrome, including hypoxia, caval obstruction from mal¬ 
functioning catheters, and cerebral embolism of bubbles, fibrin, and silicone.'"^^ 
The lack of Imowledge on cerebral metabolism during cardiopulmonary bypass 
has made interpretation of such sequelae difficult, and these studies were under¬ 
taken to evaluate the effects of extracorporeal circulation on cerebral blood flow 
and metabolism, venous and spinal fluid pressures, and brain vohime. 

METHODS 

Two groups of studies were performed. Groui^ h was composed of 18 
experiments in which cerebral flow was measured and studies of cerebral 
metabolism Avere performed. Brain volumes were determined in 10 animals 
in this group. Group II Avas composed of 21 experiments in Avhich brain 
volume determinations Avere carried out. In 17, this measurement Avas made 
after periods of extracorporeal circulation and in 4 controls after Nembutal 
anesthesia only. In 10 animals, continuous measurements of arterial, jugular, 
and femoral venous and spinal fluid pressures Avere made dui-ing various 
conditions of extracorporeal circulation. 

Cerebral blood Aoav Avas measured directly Avith a constantly recording 
magnetic rotameter by the method previously described,^ except that in the 
last 9 experiments enucleation of the eye and coagulation of the orbital fossae 
Avere performed to eliminate anastomoses betAveen internal and external carotid 
arteries.^® By this method, cerebral flow Avas shunted from the proximal 
common carotid arteries through the rotameter to the brain through the in¬ 
ternal carotid and Amrtebral arteries. Simultaneously, systemic arterial pres¬ 
sure and temperature Avere recorded. Simultaneous samples of carotid arterial 
and vertebral A'enous blood AA^ere analyzed for oxygen content, lactic acid, 

From the Department of Surgery, Tulane University School of Medicine, New Orleans. La. 
Aided in part by Grant HST-5170, National Institutes of Health, U. S. Public Health 
Service. 

Read at the Thirty-eighth Annual Meeting of The American Association for Thoracic 
Surgery at Boston. Mass., May 16-18, 1958. 
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pyruvic acid, pH,* and glucose by standard methods.*^®'” Usually two determi¬ 
nations were performed during each of four periods; (1) initial control, (2) 
high perfusion rate (in excess of 50 e.e./ICg./min.), (3) low perfusion rate 
(less than 50 e.o./Kg./min.), and (4) final control. Extracorporeal circulation 
was accomplished with a bubble oxygenator and Siginamotor pump for periods 
ranging from 15 to 45 minutes. One hundred per cent oxygen was used in all 
experiments, but, in 7 instanees, a 95 per cent o.xygen-5 per cent carbon dioxide 
mixture was used for an additional period. At the conclusion of the experi¬ 
ments, the animals were sacrificed immediately for determination of brain 
weight and volume. 

Venous pressures were monitored by means of capillary manometers at¬ 
tached to catheters in the external jugular and femoral veins. Spinal fluid 
pressure was determined continuously with a manometer connected to a large- 
bore needle inserted into tlie subaraebnoid space in the lower thoracic region 
with the animal in the lateral decubitus position. Zero points for all manometers 
were taken at the level of the spinal needle. 

Brain vohimos were determined by a method slightly modified from that 
described by AVhite and his associates’* and subsequently used by Rosomoif 
and Gilbert.’* This method involved measuring the actual volume of the 
braui by volumetric displacement and comparison with the volume of a 
paraffin cast of the reconstructed intracranial space. The percentage of in¬ 
tracranial space not occupied by brain tissue is referred to as the Differential 
Index of Brain Volume (D.I.B.V.). Percentage ehanges of brain volume and 
extraeerebral space in terms of mean control value were then derived. 

RESULTS 

A. Cerebral Floxu and Metabolism (Tables I and II).— 

Perfusion rate; Perfusion rates ranged from 50 to 73 c.c./Kg./min. in the 
high flow experiments of Group I, such rates being attained in 12 animals. 
Low flow in this group ranged from 11 to 45 c.e./lCg./min., and was measured 
in 17 experiments. Perfusion rates in Group II ranged from 11 to 100 e.e./ 
ICg./min., as various conditions of extracorporeal circulation were evaluated. 

Blood pressure: Mean arterial blood pressure, as recorded in the femoral 
artery, in Group I ranged from 30 to 90 mm, Hg for the initial control values 
and from 20 to 120 during various periods of extracorporeal circulation. Blood 
pressure and perfusion rate were generally proportional. However, this rela¬ 
tionship was not invariable as, at times, low pressures were recorded for higher 
rates of perfusion. 

Cerebral blood flow; Cerebral flow was found to be directly proportional 
to the mean sj'stemic blood pres.surc, both with and without extracorporeal 
circulation (Pig. 1). This c.xact relationship was best illustrated during 
periods of fluctuating ju'essure (Pig. 2). Perfusion rates were found to bo an 
unreliable indicator of cerebral flow in as much as blood pres.sure and perfusion 
rate did not always change proportionalljn 


•Clinical pH meter, JIoilcl 125-13, PhotovoU Corp., New York, N. Y. 
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ISumbcr 4 

Mean eeiebial blood flow in 18 c\peiimeiits was found to bo 41 e c /lOO Gin / 
mm foi- the initial eoiitiols, 39 ec/100 Gin /iiiiii foi the expeiiiiieuts witli high 
flow latcs, and 27 ce/100 Gin/mm foi the peiiods of low flow, and 42 
ec/100 Gin/nnn foi final eontiols 

Ceieiial A V oxygen diffcience Ceicbial 0, consumption was calculated 
as the pioduet of the aiteiio\enoub o\jgcii diffeieiiee and the nieasiued ceiebial 
flow in cubic centiineteis pei 100 Gin pei minute Ceiebial oxygen consumption 
of 18 eontiol animals aveiaged 44 cc/100 Gin/nun Howeiei, oxjgen con¬ 
sumption lalues foi extiacoipoical ciidilation, both with high and low peifusion 
latcs, showed a maiked diop with means of 2 4 cc/100 mg/min in both 



BLOOD PBESSUEE mm/L4g 

Fig- 1—Graph sliowing- tlie tllrect linear relationship between mean arteual blood pres 
sure and cerebral blood how This relationship applies for extracorporeal circulation and 
contiol periods 


Paple II Cfredral Ploav \vd AIetabohsm in b Emlrimfnts 
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groups and persisting decreased oxygen consumption in the final control 
period (Pig. 3). This represented a decrease in oxygen consumption o£ 45 
per cent of mean control values and occurred immediately after beginning 
of extracorporeal circulation. Decreased cerebral oxygen consumption was 



Pig-. 2.—Drawing of a polygraph tracing of one experiment sliowing the exact relationship 
between arterial pressure and cerebral blood ilow during extracorporeal circulation. 



CEBEBI2AL FLOW Og COMSUMCTlOH A-V DIFFERENCE VEWOUS Og 


Fig. 3.—Diagrammatic representation showing that cerebral oxygen consumption de¬ 
creased markedly with extracorporeal circulation despite smaller changes in cerebral no\v, 
an effect resulting from decreased A-V difference due to increased venous oxygen content. 
This decrease in cerebral oxygen consumption occurred both at high and low perfusion rates, 
and persisted during the llnal control periods. 


noted in all experiments at low rates of perfusion and in 9 of the 12 experi¬ 
ments in which high perfusion rates were attained, and resulted chiefly from 
a narrowed A-V oxygen difference cine to increased venous o.xygen content. 
This phenomenon was particularly evident at high perfusion rates (Fig. 4)- 

Lactic acid, pyj'uvic acid, and lactate/pyruvate ratio: Arterial and venous 
levels of lactic and pyruvic acids were determined in 6 experiments (see lahle 
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II) There was no significant diffeicnce between contiol leiels and le\els 
dm nig or after e\tiacoipoieal eiieulation Venous levels of both laetie and 
pjiuMo aeid weie usually highei than aitciial levels The lactate pjinnate 
latio was niaikedlj ele\ated in 1 expeiunent but no significant change from 
control rallies oecuiied with extiacoipoieal ciiculation 

Tempo atm e Teniperatuie was maintained with electric heating pads 
01 a ciiculating water blanket and was monitoied in all animals of Gioup I 
and the niajoiity of animals in Group II by a theimistoi piobe in the rectus 
abdominis muscle Mean tempeiatiiie for Group I controls was 96 0° P, tern 
peratuie during extiacoipoieal circulation was 95 2° P and during final 
control periods 94 5° P Pinal control tempeiatriies tended towaid hjpo 
theimia, paiticulaily following the longer periods of extracorporeal circulation 



4—Graph shoivlng" cerebral oxjeen consumption at varjlns rates of cerebral blood 
flow At any rate of flow a lower cerebral oxygen consumption ^\as noted during extiacorpo 
real circulation than during: control periods 


pH- This was inonitoied in 9 cxpeiinients of Group I, including the 6 
experiments involMiig lactic and pjimie acid detoiminations ilean \alucs 
for pH weie 7 57 during the control period and 7 48 duiiiig extiaeoipoieal 
circulation, without apparent difference between higli and low perfusion rates 
Pinal controls, bowerei, showed a slight decline nr mean pH to 7 34 

Glucoie and pO. Aitciial and vinous glucose levels weir deteimintd in 
8 expeiiments for eontiols and periods of extiaeoipoieal ciieulition A wide 
laiige of values was appaient without any definite pattern Aiteiial PO 2 was 
monitoied mteimittently with a Bcckinau polaiogiaph and was geiieially foimd 
derated to 500 600 mm Hg 

Cetehtal lasculai tesistauce Resistance (deiired from the mean piessuie 
minus mean lotametei ciituit piessuie drop of 10 mm Hg dirided by cerebral 
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flow per 100 Gm. brain per minute) showed no significant variation betAveen 
control A-alues and those obtained during extracorporeal circulation, mean 
values being 1.5 and 1.7, respectively. The mean value for Ioav Aoav perfusion 
masked the definite decrease in calculated resistance observed in a number of 
experiments Avith Ioav blood pressure levels. In the 7 experiments in Avhich 
5 per cent carbon dioxide Avas added after the initial run AAfith 100 per cent 
oxygen, no decrease in mean calculated resistance Avas observed. 



aUGULAR FEMORAL VENOUS SPINAL FLUID 

PRESSURE PRESSURE PRESSURE 


Fig. 5.—Diagram showing clianges in jugular anU femoral venous pressures and spinal fluid 
pressure during various periods of e.vtracorporeal circulation. 


T.VBLE III. Yexous and Spinal Fluid Pressure Cha.vges in E.xtracorporeal Circulation 

IN 10 Experiments 



INITLVL 

COKTROL 

EXTRACORPORE.VL 
CIRCULATION 
PERICAVAL TAPES 
OFF 

EXTRACORPOREAL 
CIRCULATION 
PERICAVAL TAPES 

ON 

FINAL CONTROL 


MEAN 1 

RAXGE 

>tEAX 1 

RAXGE 1 

MEAN ; 

1 RANGE 

1 MEAX 1 

RANGE 

Blood pressure (mm. 
Hg) 

83 

50-160 

73.5 

45-80 

69.0 

50-80 

76.2 

40-100 

Jugular pressure 
(cm. H;0) 

KTeg. 

Neg.-D.o 

Xeg. 

Neg.-5.0 

16.3 

Neg.-3S 

Neg. 

Neg.-12 

Femoral venous pres¬ 
sure (cm. H,0) 

6.8 

2-11 

7.S 

2-11 

9.6 

6.5-19 

6.0 

4.6-11.5 

Spinal fluid pressure 
(cm. H.O) 

8.9 

4-13 

5,6 

2.0-12.5 

16.8 

5-30 

8.1 

3-19 


B. Venous and Spinal Fluid Pressures .— 

Venous and spinal fluid pressures AA’ere monitored in 10 animals of Group 
II (Table III, Fig. 5). Jugular venous pressures Avere usually negative in 
the control periods, although a feAV animals shoAved values from 2.0 to 5.5 cm. 
of Avater. At the start of extracorporeal circulation, AA'itliont tapes around the 
A'enae caAme, Amnous pressures remained at control values; hoAAmA'^er, upon appli¬ 
cation of pericaval tapes, I animals demonstrated Amrioiis degrees of eaval 
obstruction as eAudenced by rising Amnous pressure. This increase in pressure 
Avas observed in tAvo instances desisite adequate perfusion rate and blood pres¬ 
sure, and a lack of caA’al distention. Upon release of the tapes, jugular venous 
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piessiue lotmned toward contiol lc\els Feinoial venous piessuie ineieased 
^eiy slightly aboie contiol lalues upon occlusion of the tapes and letuined 
to contiol \alues when the tapes were icmoied 

Contiol lalues foi spinal fluid piessuie langed iioni 4 to 13 cm of watei 
with a mean of 8 9 Upon eonnneiieing extiaeorpoieal ciieiilation, the mean 
spinal fluid piessuie diopped to 5 6 as iiegatiie piessuie was de\eloped in the 
siipeiioi vena ca\a Howeiei, upon applieation of the peiicaval tapes, animals 
showing eleiated supeiioi eatal piessuie also demonstrated use in spinal fluid 
piessuie that peisisted until the jugular piessuie letuined to iioimal Small 
fluctuations in spinal fluid piessure weie also obseiied with changes ui peifusion 
late and appealed to be lelated to sjstemic blood pressure 


z 3 

2 

2 

u. 0 
o 

^-3 
u ® 
o 

y-A 

Q .-0 


BRAIW VOLUME CHAWSES 


9 6^ 


AFTER extracorporeal 
CIRCULATION 


jbig- 6—Biain \oInies in 4 contiol animals and 27 animals after cxtracorporvil cJicuia 
tion In terms of per cent brain \oIume mcrea<e or decrease from mean control \'tlue In 
creised brain ^olunle was noted In many animals following extracorporeal circulation V 
few showed decreased \olume presumablj due to hypothermia 


Taule IV Brain Volume After E\tki\coppori.\l Cipgulatiov 
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27 
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C Bunn Volumes — 

Poui contiol animals showed a mean DIBV of 9 8 pei cent In 27 
animals, saciificed flora 15 minutes to 3 hours after extiacoipoieal eueulatioii, 
tbeie was a mean DIBV of 7 8, howcici, tbcie wcie scieial lijpothcumc 
animals in this gioiip and in these lediiction in huin si,;e was noted (Tahle 
IV, Pig 6) In teims of peicentage cliaiigo of hiain size, theie was a mean 
mciease of 2 3 pei cent oiei contiol lalucs in animals aftei txtiaeoipoic.d 
ciiculation The staudaid doiiation of the mean contiol DIBV was + 0 89 
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Using- tliree standard deviations as limits ol normal, 48 per cent of animals 
showed increased brain volume after extracorporeal circulation, and 11 per 
cent showed a decrease (Table V). Coi-relation between this increased brain 
volume and superior vena cava obstruction is suggested by the observa¬ 
tion that all 4 of these animals manifested some degree of swelling. No 
correlation between increased volume and other variables in these experiments 
could be definitely established. 


Table V. Bbain Volume After Extkacoki’oreal Cihcui-ation’* 



1 number 

1 % OF TOTAL 

Normal 

11 

41 

Increased 

13 

48 

Decreased 

3 

11 

Total 

27 

100 


‘Normal taken as ± 3 standard deviations of control mean. 


DISCUSSION 

The direct relationship between cerebral blood flotv and arterial blood 
pressure and the relatively passive role of cerebral vascular resistance has 
long been appreciated.®’ That this relationship should also apply to cerebral 
flow and blood pressure during extracorporeal circulation was suggested prior 
to confirmation by direct measurement. Purthermore, the poorer correlation 
of cerebral flow with perfusion rate of extracorporeal circuits is understandable 
in terms of differential changes in vascular bed resistance. 

At low rates of cerebral blood floAV, a linear flow-limited decrease in 
eerebi’al oxygen consumption was observed. However, decreased cerebral 
oxygen consumption, independent of blood flow, was also encountered and re¬ 
quires more detailed comment. This phenomenon, resulting from narrowed 
A-V oxygen difference due to increased venous oxygen content, was most 
marked at high flow rates. It also occurred at lower flow rates, although in 
these instances the effect was somewhat obscured by lower venous' oxygen con¬ 
tent resulting from increased extraction at the lower rates of cerebral blood 
flow. Explanation of this phenomenon must center around the three possibil¬ 
ities previously cited,® namely, altei-ed tissue metabolism, impaired diftusion 
of oxygen to tissue, or uneven regional distribution of cerebral flow. It is of 
interest that changes in arteriovenous oxygen differences and of oxygen con¬ 
sumption during hypothermia show a comparable pattern.®® Although tem¬ 
perature of the animals was continually monitored in the rectus muscle and 
although the nonflow-limited decrease in cerebral oxygen consumption occurred 
in preparations with stable, rising, or falling temperatures, the greater miseepti- 
bility of the brain to temperature changes®* raises the possiliility of dispro¬ 
portionate cooling of this organ during extracorporeal circulation. The blood 
from the oxygenator Avas perfused through a Avater bath at tempeiatuies 
of 34° to 36° F., but actual blood temperature Avas not monitored, and the 
effect of perfusate beloAV body temperature on the preparation cannot be 
excluded. One other factor to be considered is the abnormally high pOj. 
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laising the qnestjon of o\jgen into’tication’® as a faotoi Jii tlie deei eased ceie 
bial owgen consumption, although tins lemains a inattei of questionable 
significance'* ^ Fmtheinioie, the deeicase in oxigeii consumption, obseiied 
in the expeiiments in uliieh laetic and pjiinic aeid leicls iveie nicasiiied, 
failed to leieal anv coiielation uitli abnoimalitics in these substances (Fig 7) 
A lactate pjimate latio iii excess of 15 is eonsideied indicatiie of inadequate 
oxygenation of ceiebial tissue'*** Seicial of oui expeiiinents showed latios 
111 excess of this hguie, but theie uas no significant diffeieiice between contiols 
and extiacoipoieal ciieuit deteiniiiiations, and no corielation uas noted betueen 
delated latios and oxjgen coiisiiniption (see Fig 6) 

Thus, the exact natiiie and possible patliogciiicity of the deci eased oxygen 
eonsuniptioii dming extiacoipoieal ciiciilatioii is iiiielcai The lack of 
coiielation betiieeii biain loliime iiicieasc and abnoinial nietabolisni, eithei of 
oxygen oi of lactate and pjriiiate, is also of inteiest heie 



CEECBGAL CeaeBEiL LACT/Caao lACrATC/PrauVATe 
PLOW OjCDMaUMPnOH UATIO 


Fig- 7—Graphic repre&entation of \enous lactic acid lactate p>ru\ate ratio oxygen con¬ 
sumption and cerebral flow The decrease in cerebral oxygen consumption occurred ulthout 
alteration in lactic acid levels or lactate pyru\ate ratios 

Regaidmg lenous and spinal fluid lucasuicinents, it uas appiieiit that 
spinal fluid piessuie uas not a leliable index ot biam lolunie changes, since 
some animals with iiieieascd hiani loluiiie follouing extiacoipoie<il cii'ciihition 
had iioiiiial piessuies This eonfiimcd ohseiiations picMoiLslj repoited 1)3 
White'" The spinal fluid piessmc delations doseh patallelcd changes in 
supeiioi lena eai,i piessiue 

Siipeiioi leiia caia piessuie, on the othei hand, is impoitaiit in patients 
uith extiacoipoieal ciiciilatioii, as pointed out by Kiiklin* and Patiiek* and 
tbeii associates, suite pioloiigcd delation lesults in an mcieased piessuie 
giadieiit acioss tlie eeiebial eapillaiies It is of intcicst that all I aninnls 
with ineasuied supeiioi eaial obstiiietioii slioiitd mcieased biam lolume Tins 
caial obstiuctiou oceuiied in tlie picsencc of sceiningh adequate iieifusion latcs 
and blood piessuie in 2 of the expeiiments, and uoukl otheiuise hai" been 
unsuspected Adequate si/e and position ot catbeteis as lb* n 

and associates apptai to be ot eincial iiiipoit niee 




516 


HALLEY, REEMTSMA, CREECH 


J. Thoracic SurK. 
October, 1958 


Femoral vein pressure showed strikingly little change on tightening of 
pericaval catheters, an effect aseribable to the greater distensibility of abdominal 
organs, although identical catheters Avere used in superior and inferior venae 
cavae, and although the greater percentage of flow is by Avay of the inferior 
vesseld^ 

Brain volume changes noted herein are of interest in that 48 per cent of 
the animals following extracorporeal circulation showed significantly increased 
bi’ain A’olume, presumed to be due to cerebral edema, as preparations were 
made according to White’s exsanguinated-brain technique.-® This is in accord¬ 
ance with the gross finding of cerebral edema in 60 per cent of animals dying 
shortly after extracorporeal circulation, reported by CloAves and co-woi'kers,® 
and seems to correlate with fluorescein uptake evidence of blood-brain-barrier 
lu'eakdown reported in animals after extracorporeal circulation by Hodges and 
associates.^® Increase in brain Amlume has previously been shown to result 
from anoxia and hypercapnia,'^ and decreases to result from hypothermia.®* 
Anoxia as such was difficult to measure, and no correlation Avas found betAveen 
calculated cerebral oxygen consumption and increases in brain volume. Hyper¬ 
capnia, on the other hand, can be eliminated as a factor in this high incidence 
of brain volume increase since, although CO.j Avas not measured, the pH tended 
to be on the alkaline side, due to initial and final control hyperventilation on 
the mechanical respirator. 

The exact significance of brain volume increase is unclear since 4 dogs 
Avith superior vena cava obstruction Avithout extracorporeal circulation exhibited 
marked cerebral sAvelling after 24 houi's in the absence of any signs or symptoms 
of cerebral damage, and since increased brain volume Avas found in 3 animals 
sacrificed immediately after 2 hours of open thoracotomy Avith positive pressure 
respiration. It is possible that increased brain volume is a part of the non- 
.speeific response to trauma under a Amriety of circumstances, although it may 
also result from local damage.®® 

The failure of 5 per cent carbon dioxide to effect an increase in cerebral 
floAV is difficult to interpret. It should be pointed out that although cerebral 
A'essels in our preparation Avere still capable of responding, as CAddenced 
by decreases in cerebral resistance at very Ioaa'' blood pressures, the prepara¬ 
tion Avas by no means a physiologic one, requiring about 3 hours of surgery 
prior to control readings. Furthermore, the constrictor effect of high pOs 
may have preA^ented the vasodilatory effect of carbon dioxide. 

SUJIMARY 

1. Cerebral blood Aoav during extracorporeal circulation Avas directly 
proportional to the mean systemic blood pressure and, at times, varied Avidely 
Avith perfixsion rate. 

2. Cerebral oxygen consumption decreased markedly during periods of 
loAV cerebral blood floAV. HoAvever, decreased cerebral oxygen consumption 
durnig extracorporeal circulation Avas also observed during periods of adeqixate 
cerebral floAV and resulted from increased venous oxygen content. Possible 
explanations of this phenomenon are discussed. 
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3 Lactic acid, iijiinie acid, and lactate pjimate latios showed no sig¬ 
nificant change fioni contiol i allies duiing extiacoipoieal ciiculatioii 

•t Supeiioi \eiia eaial picssiiie and spinal fluid piessiiie laiied togotliei 
IMaiked delations of siipeiioi eaial piessuie at times with appaieiitly adequate 
peifusion lates and blood picssure weie noted in -1 e\peimients 

5 Appioximately one half of tlie animals saciificed slioitb aftei e\tia 
coipoical ciiculation showed ineieased biain loliime, including i animals with 
inadequate supeiioi eaial outflow 

6 Ineieased biain loliime mai lepiesent a nonspecific iespouse in mauj’ 
instances, since it also ocouiied affen piocediiies not iiiioliing extiacoipoieal 
ciiculation in animals shoiiiiig no ciidence of ceutial nerious sjstem damage 

TJie authors arc indebted to Dr Emanutl Brcs>ler, Director of Research, Veterans 
Administration Hospital, New Orleans, for \alualile ad\ice and criticism, to Mr J F 
Houell, Tulane Uimersit^ School of Alcdiciiie, for ass stance m the bram \oIume deter 
niinationa, and iira Barbara Ana Ross, Mrs Caroljm Paysee, and Mr Kip Ilenrj for 
technical assistance 
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CLOTTING DEVIATIONS IN MAN DURING CARDIAC BYPASS: 
FIBRINOLYSIS AND CIRCULATING ANTICOAGULANT 

Kmt N von Kaulla, Al D* (by mvitalioit), and Heniy Swan, Al D, 

Dentei, Colo 


I^TRODUCTIO^ 

R ecent work^ m oui e\peiiinental and clinical depaitmcnts has demonstiated 
that open heait surgeiy peifotmul dunng hjpotheimia is sometimes ae 
eoinpanied by the fatal complications of hcmoiihage and postopeiati\B tliiom 
hosis This MOik included a detailed investigation of the clotting inechanism 
111 9 patients iiiidtigoiiig such piocediiies as compaied vitli 3 iioiiiiotheimic 
patients uudeigoing similai opeiations In all o± tliese patients the following 
doteuiiiiiations on the clotting nicchainsiii weio peifoiiiied both at iioimo 
theiiiiia (37° C ) and at livpotlieimia (28° C ) (1) Reealcifioation time—a 

moasiiieiiieiit of the ovei all coagulability of the blood (2) Prothiombin con 
suiiiption—leflecting abnoinialities in the hist phase of clotting, i e, thiombo 
plastin foimation (3) Piothroinbiii activitj—a measuiement of the combined 
influence of the activity ot piotluonibin, factois V and VII (and inhibitois 
it piLsent) (4) Thioiiibin time—the iiieasiiieiiieiit of the activity of hepaiiii 
and hepaim like iiihibitois (5) Fibiiiiolysis tendency—the tendency towaid 
fibiinolysis Minch camiot be discoveied wathing “normal” clots, and (6) 
thioiiibelastogiaphy— a ttcliiiKiiie peimittiiig a coiitiiiuous iLCoiding of fi 
bun foimation and fibiinohsis, and giving a good estimate of the fiimiiess of 
the clot 

Fioiii these studies it was found th.it the clotting piocess of human blood 
IS not impaiied diuiiig pioceduics peifoimed on the heait luidei hypotlieiniia 
IIoMeiei, It Mas noted that the clotting mcchaiiisiii Mas as complete at 28° C 
as it Mas at 37° C, and that tlicic Mas a tendency foi Inpcieoagulabiliti to 
develop, paitieulaily following the lewaiinnig phase The ptoloiiged pio 
tluoiiibiii tune—a finding which is fi eqiieiitly seen in patients with congenital 
heait disease—oftentimes became iiioie pioloiiged uiidei hypotheimia Oc¬ 
casionally, a lare episode of scveie heiiioiihage was eiieoiinteicd It Mas 
belieied that this bleeding was due piimaiily to an inciease in tlnombni 
inhibitoi and to the changes in vasculai function associated with it It was 
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studying the changes in tlic clotting mcchaiiisiii tint might be oceniiing dm 
mg open lieait snigeij utilizing this mediniii ot extiaeoipoical ciieulatioii 
The pill pose of this investigation nas to deteimine the ovei all inflneuee that 
the pump and the piocednies associated with it ha\c on the mechanism of 
clotting and flbiinolysis This is, essentially, a icpoit of oni findings in a 
gioup of patients with lentiiculai septal defects who uiideintiit snigical lo 
pail uiidei these conditions 

INVFSTIGITIVE lIAaERnL 

A Gibbon type, fixed seiecu oxygenatoi with lotaij^ DeBahey type 
pumps (Maik IV Aiiparatus) iias cmplojed in all ot the patients nndeigoing 
tins piocednie The clotting mechanism was studied by the deteiminatioii of 
the following faetois (1) thiombin time, (2) fibiiiiogen iallies, (3) total 
platelet count, (i) euglobulin lysis time, and (5) thiombelastogiaphj The 
eliglobulin Ijsis time is as detci mined by om own tcehnique’ whieli makes 
it possible to estimate rapidly the intensity of the fibimoljtic aotnity in iioi- 
nial and uiicoagulable blood and, combined iiith the thiombin time deteiuima 
tioii, to detect whcthei oi not imcoagul.ibility is due to the absence of 
flbiinogen oi to the picscnee of a eneulnting anticoagulant—the picmise 
being that the euglobulin fraction can only clot in the pieseiite of flbiinogen 

All of these cleteiminations weie made clniing the foiii majoi phases of 
the piooeduie (1) befoio anesthesia, (2) befoie hepaiiiiization (picpump 
penod), (3) after liepaiimzation (the pump peiiod nith a lecoid of the poi 
fusion time at which the deteinunation nas made), and (4) aftei the ad 
imnistiation of piotaniiiic (postpuinp pciiod lecoiding the time intenal fol 
lowing the piotamine admiiiistiatioii and the doteiniination) All of the data 
aio summaiized in Table I foi the fiist 11 patients The last patient was not 
included m this masteigiaph since all of hci deteimiiiatioiis weie peifoimed 
111 the postpuinp peiiod, houevei, she will he piesented and discussed m 
detail latei in this papei 

Peitiiieiit data including the age, weight, and sex of the patient along 
with the total time of peifusioii on the pump, the pieseuce oi ahseiiee of hem 
oiihage, and the fate of the iiaticnt aic piisuited iii Table II 
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In addition, the effects of anesthesia, perfusion rate, and pH of the blood 
on fibrinolytic activity were investigated. Last, serial determinations of the 
plasminogen-activator in urine, called urokinase, were made before, during, and 
after the bypass procedure by a method developed recently by this laboratory.-* 

INTERPRETATION AND DISCUSSION 

Ill our series of open heart procedures using this particular type of pump- 
oxygenator, we have been able to demonstrate the presence of a circulating 
anticoagulant, either alone or with fibrinolysis. These changes were so extreme 
in the last patient of our series that they were responsible for an uncon¬ 
trollable and fatal hemorrhage following a technically satisfactory procedure. 
This patient, R. McC., was a 16-year-old schoolgirl who was operated upon 
for a ventricular septal defect with the use of the pump-oxygenator. Cardio¬ 
plegia was difficult to obtain and, after the termination of a 19-minute bypass 
procedure, a heart block developed. Hemorrhage was noted after heparin¬ 
ization, and this rapidly increased in severity despite the administration of 
188 mg. of j)rotamine. There was a drop in the total platelet count from 
209,000 to 61,000 and in the fibrinogen values from 211 mg. per cent to 155 
mg. per cent. An additional 62 mg. of protamine proved ineffective, and 
specimens of blood taken at this time lysed in 15 minutes at room tempera¬ 
ture—the fibrinogen value being 74 mg. per cent with a blood pH of 7.18. 
Intensive blood replacement totaling 17 units and the addition of 11.2 Gm. 
of fibinogen proved ineffective. Serial coagulograms of the recalcified 
eitrated plasma along with the corresponding euglobulin lysis time were ob¬ 
tained; these determinations began about 1 hour after the administration of 
the fibrinogen or 100 minutes after the pump. The results of these determina¬ 
tions and their time interval after the initial coagulogram are graphically 
presented in the diagrams that follow. 

Pig. 1 illustrates the serial coagulograms or thrombelastogi*ams taken 
during the post-protamine period with the corresponding euglobulin lysis 
times. Coagulogram A, taken 60 minutes after the initial protaminization, 
reveals a very marked plasma lysis which began before the completion of the 
clot and a rapid euglobulin lysis. No coagulogram could be obtained at B 
(an hour later) because the plasma itself was uncoagulable, and the euglobu¬ 
lin fraction of this plasma lysed extremely rapidly. This demonstrates the 
presence of fibrinogen and fibrinolysis and, in respect to the uncoagulability 
of the plasma, the presence of an anticoagulant. Coagulograms C and D and 
their corresponding euglobulin lysis times were obtained after 1 and 2 ad¬ 
ditional hours, respectively, and after further treatment consisting of 8 Gm. 
of fibrinogen, 110 mg. of protamine, 200 units of ACTH, and concentrated 
erythrocytes. The absence of fibrinolysis is noted in G and D along with a 
delay in fibrin formation which was probably due to the large amounts of 
eitrated blood that had been given. 

The presence of an anticoagulant in this patient is further demonstrated 
by the data summarized in Pig. 2. The upper set of histograms illustrates the 
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lespoiibe of the thiombin time, a seiisitne test foi hcpaiiii tyjie aiitico.igulants 
A piolongod but measiuable thioinbm tunc is noted in spiciiiien .1 taken bO 
nimiites aftei initial adniiiiistiation of iiiotamint, ivlieieas speeinien B 
(obtained 1 hoiii latci) is iineoagiilabic iiid induces complete iiiliibition of clot 
ting iilieii a dO pei cent sample of it is added to iioinial plasma A 20 pei 
cent and 30 pei cent sample ot this specimen containing eiimiating aiitico 
agiilant piolongs the thiomhiii tune of noiiiial plisma eonsideiably Dtiiing 
this peiiod, the iineoagiilable plasma icqiiiicd 0 5 mg pei cubic ccntimetci 


-o 


■ 




I EUGtOBUItN fraction 




3\5 

■ PATIENT II NORMAL 

Fik - 


of piotamiiic foi a partial noinialization of its thiombin time The thiom 
bin tunc giadually letuincd to nornni as shoiin liv sincimens V and D The 
lowei set of histogianis lepieseiits the coiiespondiiig plssnia Ijsis tune It is 
iiitcicstiiig to note the lapid lysis of specimen A and the iincoaaiilabiliti ot 
specimen B This phononienon is due to the piesenei of an anticoagulant, and 
not to the absence of fibiinogen Tiecntj pei cent and 30 jici cent simples 
of speeimen B iieie sufficient to iiieUicc lapid lilnmolisis of noimd iilasma, 
effcctiiely dcmonstnting the combimel appeal uicc of eiiciilating inticoagu 
hint with fihiinoljsis rihiinoljsis his elisajipeiicel in specimens C and D 
It may he emph isi/ed tint filiiuiolytic ictiMtj done, eien iiliin eonsid 
eiably ineieisod, does not iiccessaiily cause hcnioiiluge AVc line demon 
stiated this fact in a senes of patients ni ivliom \\c uiduceel the same inteiisitj 
anel dm ation of fibiinoljsis .is was seen in oui pump cases bj means of pj'ro 
gens' 'I’lieie W. 1 S no cticlencc ot bleeding in anj ot these cases Significantlj, 


524 


VON KAULLA AND SWAN 


J. Thoracic Surp. 
October, 1958 


there also was no evidence of a circulating anticoagulant in any of these 
induced eases. On the other hand, there is no doubt that the circulating anti¬ 
coagulant is a contributing factor in the causation of hemorrhage. This 
anticoagulant is not a reactivation of the administered heparin but is a neiv 
anticoagulant pi’oduced by the body. Technically, its presence may intei*- 
fere with the results of most clotting tests thereby simulating deficiencies 
that might not be present. It is, thei'cfore, conceivable that some of the postu¬ 
lated cases of afibrinogenemia developing during surgery might have been 
cases attributable to the presence of a circulating anticoagulant. 



While searching for factors introduced by the operative procedure which 
might possibly be related to the presence of a circulating anticoagulant 
and/or fibrinolysis, we evaluated the following potential factors; (1) effects 
of anesthesia, (2) phenomenon of paracoagulation, (3) response to stress, 
(4) urokinase excretion, (5) pH of the blood, and, (6) perfusion rate. Our 
findings are presented in a brief summary and the pertinent data arc illus¬ 
trated. 

1. Effects of Anesthesia .—Under anesthesia, the euglobulin lysis time dem¬ 
onstrates that there is an increase in fibrinolytic activity. This fact, in com¬ 
bination with the thoracic surgery necessary to prepare for the pump, in¬ 
creases lysis. This fibrinolytic activity is present before the pump is started 
and is, subsequently, further increased if the perfusion rate is low. However, 
it is not increased; in fact, it may even decrease, if the perfusion rate is high. 
The thrombin time reflects the activity of anticoagulants related to heparin. 
It cannot be measured during hepaidnization. Its changes ai’e unrelated to 
the pump, and can occur at any time during the operation, i.e., before the 
pump, during the pump, or after the pump. Fig. 3 illustrates the thrombin 
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time and euglobuliii lysis time of a patient (K. P., 10 years of age, with a ven¬ 
tricular septal defect; total pump time 22.5 minutes; no complication) who 
developed a transient anticoagulant of low titer after anesthesia (sample B) 
and a strong fibrinolysis tendency during the pump period and for a short 
time after termination of the bypass procedure. There was no evidence of 
bleeding. The histograms demonstrate the increase in the thrombin time after 
anesthesia and the inability to measure it during heparinization. This figure 
also presents the decrease in the total platelet count and the shortening of the 
euglobulin lysis time during the bypass procedure. 





20 ^0 60 MlN 7 H«S 3 HRS 

Fie. i. 

2. Phenomenon of Puracouyxdation .—This phenomenon is adetpiately dem¬ 
onstrated in Fig. 1 which represents the corresponding eoagidograms (rceal- 
cified citrated plasma) of the above-mentioned patient. It will bo noted that 
no coagulogram could be obtained during heparinization. Sample li, taken 
at the time of increased anticoagulant titer, e.xhibits considerable delay in the 
onset of fibrin formation—illustrating the presence of circulating anticoagulant. 
Sample F shows jilasma clot lysis to occur within 2 hours and also demon- 
strate.s the particular but not well-rccognized phenomenon of paracoagula- 
tion—the re-formation of a clot after complete lysis. The postulated e.xplana- 
tion of this phenomenon is probably incomplete formation of the first clot 
and the release of thrombin ad.sorbcd on fibrin during fibrinolysis. This 
thrombin then clots the remaining unclottcd fibrinogen. There i.s some delay 
in fibrin formation in sample Cf while sample II clots normally. 
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3. Eesponse to Fibrinolysis reflects a response of the organism to 

stiess and one may theorize that its appearance is, among other conditions, 
facilitated if organs which are known to be rich in the activator of the 
fibrinolytic enzyme, such as the lung, prostate, or uterus, are operated upon.® 
This activator has to be released into the circulation in order to activate the 
plasminogen of the blood into active fibrinolytic plasmin. This release 
mechanism still remains in the realm of the unknown. The presence of a 
circulating anticoagulant was observed when difficulties were encoitntered 
during the operative procedui'e or complications, as cardiac arrest, developed 
during the postoperative period. This is demonstrated in Fig. 5 which repre¬ 
sents the findings obtained in A. R. (a 9-year-old boy with a ventricular septal 



defect; 2 cardioplegias; poor heartbeat after discontinuing the pump, im¬ 
proved after second pump phase; total pump time 45 minutes; cardiac arrest 
postoperatively, chest reopened, cardiac massage; death). There is an ex¬ 
traordinary shortening of the euglobulin lysis time indicating a very marked 
increase in fibrinolytic activity. There is also a sudden rise in the thrombin 
time during the postpump period to indefinite values indicating the appear¬ 
ance of circulating anticoagulant of high titer. It is thought that a dysfunc¬ 
tion of the vascular part of hemostasis may accompany the appearance of the 
anticoagulant or may actually be caused by it. At the present time, however, 
this postulation lacks verification. 

4. UroJdnase Excretion .—It has been observed that the fibrinolytic ac¬ 
tivity, which is not too uncommon during thoracic surgery,®’ ‘ ® may be marked 
in some eases of open heart surgery with the use of the pump-oxygenator. 
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The enzyinatie fibiinolytic actiMty in these patients is thought to be tiiggeied 
by the lelease of a plasminogen activatoi nhich is then e\eeietecl in inci eased 
amounts iii the uiiiie It should be noted that ciiculatioii tliiough the puiiip 
itself does not increase fibiinolytie actiiity of the blood Fig 6 piesents 
seiial deteiuiiiiations of the actiiatoi in the luine, called iiiokimse, in a pa 
tiont, C J ( 4 yoai old giil with a icntiiculai septal defect, total pump time, 
15 minutes, no eomplieations) The cuglobulin lysis time along with the 
tieiid of uiokinase e\ciction, expiessed m units of tyiosiiie itlcased fiom 
casein incubated with uime actuated plasiiiinogen, is shoun The specific 
giavity of the iiiine is indicated by the nunicials aboie the histogiaiiis It 



Fie 6 

can be clcaily seen that theio is a consideiable ineicase in uiokinase cxcie 
tioii shoitly befoie the height ot fibunolytie activity Fig 7 (D K, a 5 jeii 
old gill with veiitiieulai septal defect, total pump time 27 minutes, no com 
plication) illustiates again that the peak of uiokinase excietion is ciciily 
lelatcd to ma\unum fibrinolysis Similai opciativc iiiocedures luthout an 
increase in fibrinolytic aeticity failed to iiiciease uiokinase exciction duiiiig 
the pioceduie 

5 pH of the Stood —low iill of the hlood does not initiate fibnnolj sis 
but enhances its intensity and duiatioii This is demoiistiated in T.ihle III 
which lepiesents a eompaiison of the pll of specimens with high flbiinoljtic 
activity to those with low fibiinoljtie aetnity duiiiig the foui stiges of the 
opeiation Theie is a consideiable difteicncc in the pll of both giouiis, pii 
ticiilaily duiiiig the postpump phase The cuglobulin lysis times iveie also 
aibitiauly diiided into fibiinoljtic and iionfibriiioljtic ones and gioiipcd 
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vith their corresponding pH for the different stages of the operation. It 
ian be seen that the longer the surgical procedure, the lower the pH of the 
ibrinolytie group as compared to that of the nonfibrinolytie group. This dis- 
irepancy amounts to 0.32 unit in the postpump period. The relationship of 
)lood pH and peak fibrinolytic activity after the first protamine injection is 
ilso clearly demonstrated if the patients are divided into forir groups of 3 
ndividuals each with comparable lysis times, and the average times for each 
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gioup aie plotted against the pll as shown in Fig. 8. The gioup exhibiting 
no lysis at this time has by far the highest pH. Theie is a diieot lelationslii]) 
between the pH and the euglobulin lysis time 

6 Perfusion Rate ■—Closely related to the pH of the blood is the iierfiision 
late. Fig 9 demonstrates seiial euglobulin lysis time deteiniinations for a 
group of 8 patients (a) with a perfusion latc ot 75 c.e/Kg/min, and for a 
gioup ot 3 patients (b) with a perfusion rate ot 190 to 200 c c /Kg/nun Line 
N indicates the lower normal limit of euglobulin lysis time Specimens with 


RELATIONSHIP BETWEEN pH AND 
MAXIMUM EUGLOBULIN LYSIS TIME 
IN THE POST PUMP PERIOD 

GROUPS OF THREE PATIENTS EACH 




Flu a 


euglobulin lysis times below line L can be expected to exhibit lysis of their 
genuine elot at 37° C. within 24 liouis or less. The influenee of anesthesia on 
libiinolytic activity® is shown clearly for group B, and the values are normal- 
wed during the bypass piocedvue, wUeieas, the tibrmolytie actuity continues 
to iiicieaso in gioup A. Theie is only a minor inciease in libunolytic activity in 
the well-pertused gioup during the most ciitical pliase following the postpump 
piotaminization. The interaction of protamine with the libiinolytic system is 
not clear. Protamine has been described to inhibit the fibrinolysis, but thei 
is evidence that protamine can enhance lysis both in vitio and in vivo.’” 
Hothiiig specific could be found in this study that may be iclated to the p 
peaiaiiee of a ciiculating anticoagulant. 
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SUJii:\IARY 

In conclusion, we may state that a marked increase of fibrinolytic ac¬ 
tivity and the appearance of a circulating anticoagulant can considerably 
deviate the clotting mechanism during open heart surgery with the pump- 
oxygenator. This anticoagulant is not a reactivation of the administered 
heparin but is a new anticoagulant produced by the body. Fibrinolytic ac¬ 
tivity is enhanced by poor perfusion and a low pH of the blood, respectively. 
Neither fibrinolysis nor circulating anticoagulant themselves necessarily pro¬ 
duce hemorrhage; however, their combination is dangerous. 

We wish to express our thanks to Mrs. Editli von Kaulla for lier teciiiiical assistance. 
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Discussion 

DE. H. BEODIE STEPHENS, San Francisco, Calif.—I should like to discuss the 
paper presented by Dr. Jerome Kay and Dr. Eobert Anderson. 

We (Drs. Orville Grimes, Benson Roe, Eiehard Gardner, and Peter Boudoures) have 
had the opportunity of utilizing the Kay-Anderson oxygenator in the laboratory for the 
past 3 months. In addition, it was our pleasure to observe Dr. Kay and Dr. Anderson using 
their oxygenator on a human patient with a very satisfactory result. 

We were able to obtain only 13 survivors (dogs) in a total of 75 bypass experiments 
in which we used a bubbler-type oxygenator ndth a Sigmamotor pump (17.3 per cent 
survival). If the animal is alive and responding normally 7 days following the bypass, 
then we elassifj^ the animal as a survivor. The chief cause of death in this group of dogs 
was postoperative bleeding. 

We were able to increase the survival rate in the dog with the use of the Kay- 
Auderson oxygenator. In 6 animals, a total bypass was carried out for 30 minutes; a 
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vcnlnculotomj was not «\one Four of tlie&o ammiils sursivecl lu the next group of 
oxpenmentts, n\ addition to bjpasb for 30 iniuutes, right \entnculotomj was performed 
There 11610 22 experiments in this group with 11 survivors In an additional two vxptri 
niLiits, potassium irreat was cmplojed and both these animals expired on the operating 
table 

The causes of death in these 15 dogs (total experiments numbered 30, therefore, 50 
per cent suniv il in this group wiierc the Ivay AiuKrson ovjgonator uas u‘?ed) uere as follous 
(a) technical accidents, 4, (b) snondiry bkeding, 4, (c) ventricular hbnlUtiou with subse 
quont heart failure 3, (d) uncxpllined (occuiniig 48 hours po&toperation) 3, and (e) cardiic 
tamponade, J 

Wo have been encouraged with the ri.sutt3 lu total heart lung bypass in the dog utilizing 
tho Ivav Anderson ox>g«-nator Wt ire unpressc 1 with the simplicity of the apparitus and 
thereby tho eise of operation We arc very much indebted to Dr Kiiy and Dr Anderson for 
their many hinduesses to us and foi sharing with us their knowledge in the use of the Kaj 
^ndcisou oxygenitor 

DR CHARLES P BAILEY, Phil idelplua, Pa —I would lil c to report our early use 
of the autogenous lung rather in owgenator for cardiac bypass, something like the method 
Dr Mustard lias presented Tins technique was developed by Dr Gumersindo Blanco who 
heads our research laboratory Its perfection followed 18 months of laboratory work with 
us and, before that, 2 years at tho Unucrsitv of Puerto Rico At last we havo a prictical 
method wluch has boon ustd so far in J3 patients 

This procedure is not as coiuphcated as it mav seem Ihe blood is drained by gravity 
from tho right atrium and then is delivered by the hr^t pump to the pulmonary arterv 
rather than into an oxygon itor V large catheter with multiple hole's is inserted into the 
left atiium and drains into a reservoir The seconl pump delivers this oxygenated blood 
into tho femoral or peripheral artery An auxiliary oxygenator of the bubble type always 
IS connected in parallel and is inunediitiK availibtc m case there is need for it We have 
needed it several times, particularly m the period of reatoration of full cardiac action Wo 
havo used this method of by piss chiefly for surgery of the aortic valve rather than in 
congenital eases While the lungs of aortic patients aro normal, the lungs of patients 
with tho tetralogy of Pallot may have a hypoplastic vascular bed which might not tolerate 
tho entire circulatory flow Patients with ventricular scptul defects may have ‘•evert, 
pulmonary vascular damage vvluch would impair pulmonary portusion and blood oxygeua 
tion 

In aortic stenosis, meticulous sculpturing of tho dista'-ed cusps may require considera 
bio time Our average time has been more than 1 hour for definitive work on the valve 
itself Elective cardiac arrest alone docs not protect the heart for so long a period W'^e 
lost 5 of our 13 patients, vve feci as a result ot damage to the myocardium and aiioxcnua 
of tho conduction system during surgery Wc could not control this consistently bv retro 
grade perfusion of tho coronary smu'* probablv bccau>>o of the variations in the pattern of 
venous drainage of the heart However, bv iiiUvilual cannulation of the corouarv arteries 
and pumping 200 cc per minute of oxygenate I blood into them we are able to maintain 
tho heart m good condition for a prolonged pcnol It then will contract steadih during 
tho definitive portion of the surgery 

W^o believe that this is a proper and sate metliol to use for prolongcl cardiac b\pt^s 
in many tvpes of cases, probably including mauv congcmtal ones While our tvpencnccs 
with animal surgery suggest that perfusion periods as long as 4 hours are safe and feasible, 
our longest hum in ptrfu'iion survival to date has been 2 hours and 20 minutes (140 iniuutes) 
Studies of tho blood elements lud chemical alter itions constaiitiv show less damage than 
that m couventioual heart lung bypass of equal duration Vjiparcntly nuielv more Wool 
damage is produced m the oxygenator than lu tho pump 

DR GEORGE H A CLOWES, Jr, Clevelaud, Ohio—I want to word about 

Dr Halley 3 uiterestiug ^laper ior same time we ha vin 
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cause for death m animals, that have been perfused by any method, is progressive acidosis 
resulting from damage to the brain. During the last 2 years, data have been collected 
concerning the ability of the animal to control his pH, the arterial pH, in the postperfusion 
period. With your permission I would like to show one or two slides to illustrate this. 

(slide) Here are presented data from three serie.s of animals perfused for 1 hour 
of total bypass at high, medium, and low flow rates. It will be noted that the greatest 
degree of acidosis during perfusion occurred in those supported at low flow rates. In each 
group there was a further fall of arterial pH by the end of (5 hours postoperativelv. The 
mortality rate thereafter was inversely proportional to the blood flow rate during the 
perfusion. By the following day all .survivons had restored their arterial pH levels to 
within normal limits. 

(slide) hat does this mean? As shown by this slide, all surviving animals were 
able to maintain their blood pH postoperatively within pretty normal limits, whereas those 
that died just went on to progressively greater degrees of acidity. 

(slide) In part this slide will .show why those animals which died were unable to 
maintain a normal blood pH. In contrast to the survivors which maintained the blood 
CO; at or near normal levels in the postoperative period, the nonsurvivors showed in¬ 
creasingly higher blood carbon dioxide tensions. This failure to blow off CO, for the 
maintenance of normal blood pH probablj' is the result of grave damage to the brain and 
the inabilitj' to breathe adequately in the postoperative period. The brain is not func¬ 
tioning normally. Irreversible or temporarj' cerebral damage may be brought about by 
lack of oxygen as illustrated by certain work of Dr. Leland Clark and his associates or by 
any other type of trauma, such as emboli that will damage the circulation to the brain. 

(slide) These experiments were done with a membrane oxygenator which we continue 
to use clinically with satisfactory results. Despite certain difficulties in assembling and 
the use of fluid sterilization, the advantages of a closed system make it effective and 
satisfactory in our hands. 

DE. BALPH A. DETEKLING Jr., New York, N. Y.—I appreciate this opportunity 
of discussing the paper by Dr. von Kaulla and Dr. Swan. Studies of fibrinogen by Dr. 
Louise Phillips in more than 20 patients with cardiopulmonary bypass at Presbyterian 
Hospital in New' York confirm the conclusions presented by Dr. von Kaulla. lYith a 30- 
minute use of the DeWall oxygenator and Sigmamotor pump, we have noticed a 25 to 30 
per cent fall in the normal value of fibrinogen from a normal of about 300 mg. per cent. 
In a few patient.s, there has been a sufficient fall in fibrinogen to warrant our giving the 
patient 4 Gm. of fibrinogen, despite a danger of inducing viral hepatitis. Occasional 
bleeding tendency postoperatively has usually been unrelated to the heparin factor. We 
are presentlj' correlating all the factors that have been so well presented by the authors, 
and hope to add to this type of basic information in the near future. Prom the close 
correlation of data presented by Dr. von Kaulla with ours, it appears that certain clianges 
in the clotting mechanism may well he independent of the type of pump-oxygenator ap¬ 
paratus. 

DK. WILLIAAI H. ilULLBK, Jr., Charlottesville, Va.—I w’ould also like to discuss 
the paper by Dr. von Kaulla and Dr. Swan. Dr. Cecil Hougie, in our institution, the 
University of Virginia, has carried out a series of hematologic studies on 22 patients under¬ 
going total bypass for open heart surgerj'. He demonstrated that excessive fibrinolysins 
were present in all these cases by the lysis of whole blood clots or the lysis of clots formed 
in tubes used in the titration of protamine sulfate. This technique is a very insensitive 
one, measuring only gross excesses of fibrinolysins, and the titers in these cases w'ere there¬ 
fore high, greatly exceeding those in patients undergoing cardiac operations not utilizing 
cardiopulmonary bypass. In 2 cases, the clots formed were verj' small, due, in part, to 
lower fibrinogen levels, and the lysins in these cases were more readily demonstrated by a 
simple modification of the fibrin plate method of Astrup. However, the lysins in most of 
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these patients—ainl I think this is an important point—arc not chnicallj significant or an 
iiniiortaat factor in heiuostasis, sincn thej were not necessarily associated ^\lth excessi%e 
bJeeding They nert* ver> transitory in our patients and could not be demonstrated 1 
hour after discontinuing the pump oxygenator, except in 1 patient where there was a 
prolonged thrombin time which was not corrected by the ad<htion of protamine sulfate or 
fibrinogen 2kloreover, the plasma of this patient prolonged the thrombin time of normal 
plasma, showring that a circulating anticoaguMnC was present m the plasma of this patient 
Smeo the anticoagulant was not neutralized in vitro b} protamine, it seems rather unhkeh 
that It was heparin Protamine sulfate itself is an anticoagulant but this dots not alTect 
the thrombin time, and a possible excels of protinune therefore could not bo the cause in 
these cases 

Our findings were ^e^y similar to those of I>rs von KaulW and Swan The tjpo of 
jmmp ox>genator iloes not seem to be of great importance in producing tlicse changes 
because the^ used a screen oxygenator and rotar\ pump and we used the pump that Ur 
Clark demonstrated a few moments ago 

DR CHARLES V MECKSTROTH, Columbus, Ohio—In connection with Dr Ka>'s 
paper, I haie a short movie strip 1 would like to show with regard to the new filming 
tcchniquo which wo think is preferable for those of \ou who have a stationars screen 
tjpo of oxygenator As Dr Kaj emphasized, one of the defects in this type of owgenalor 
is tho dilution of blood In saline The usual technique is to follow sahno with blood 
This produces a loss of two or three pints of blood and, «econ(ll>, a low hematocrit ^\lth 
our simplified technique there is uo exact timing winch needs to be obscriod, and it is 
essentially foolproof 

(movie) Salmo is pumped mto the oxygenator which is thou bubble free Ve tlicii 
film with saline by removing the dram clamp from the oxvgenator white the internal pump 
H in motion With the oxygenator set at this height and watching the flow of blood in 
tho chamber, tho '•ahne will como down to this level over a period of 1 or 2 minutes 
Thus, there is no crucial tune for taking off any clamps to miiumize tho loss of blood, 
and Olio can ascertain maintenance of the vacuum at tho top of the oxygenator Two 
pints of blood are then added to replace the saline in the following manner After this, 
one adds at leisure four or five pints of blood for the perfusion 
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cause for death in animals, that have been perfused by any method, is progressive acidosis 
resulting from damage to the brain. During the last 2 years, data have been collected 
concerning the ability of the animal to control his pH, the arterial pH, in the postperfusion 
period. With your permission I would like to show one or two slides to illustrate this. 

(slide) Here are presented data from three series of animals perfused for 1 hour 
of total b3'pass at high, medium, and low flow rates. It will be noted that the greatest 
degree of acidosis during perfusion occurred in those supported at low flow rates. In each 
group there was a further fall of arterial pH bj’ the end of G hours postoperativelj'. The 
mortality rate thereafter was inversely' proportional to the blood flow rate during the 
perfusion. By the following day all survivors had restored their arterial pH levels to 
within normal limits. 

(slide) What does this mean? As shown by this slide, all surviving animals were 
able to maintain their blood pH postoperatively within pretty normal limits, whereas those 
that died just went on to progressivelj'^ greater degrees of acidity. 

(slide) In part this slide will show why those animals which died were unable to 
maintain a normal blood pH. In contrast to the survivors which maintained the blood 
CO; at or near normal levels in the postoperative period, the nonsurvivors showed in- 
creasingty higher blood carbon dioxide tensions. This failure to blow off CO, for the 
maintenance of normal blood pH probably is the result of grave damage to the brain and 
the inability to breathe adequately in the postoperative period. The brain is not func¬ 
tioning normall}'. Irreversible or temporary cerebral damage may be brought about by 
lack of o.xygen as illustrated bj' certain work of Dr. Leland Clark and his associates or b}' 
anj' other type of trauma, such as emboli that will damage the circulation to the brain. 

(slide) These experiments were done with a membrane oxj^genator which we continue 
to use clinically with satisfactorj’- results. Despite certain difficulties in assembling and 
the use of fluid sterilization, the advantages of a closed system make it effective and 
satisfactory in our hands. 

DK. EALPH A. DETEELING Jr., New York, N. Y.—I appreciate this opportunity 
of discussing the paper by Dr. von Kaulla and Dr. Swan. Studies of fibrinogen bj^ Dr. 
Louise Phillips in more than 20 patients with cardiopulmonary bypass at Presbj’terian 
Hospital in New York confirm the conclusions presented by Dr. von Kaulla. With a 30 
minute use of the UeWall oxj'genator and Sigmamotor pump, we have noticed a 25 to 3i 
per cent fall in the normal value of fibrinogen from a normal of about 300 mg. per ceir 
In a few patients, there has been a sufficient fall in fibrinogen to warrant our giving tl 
patient 4 Cm. of fibrinogen, de.spite a danger of inducing viral hepatitis. Occasion 
bleeding tendency postoperativelj’ has usuallj^ been unrelated to the heparin factor. V 
are presently correlating all the factors that have been so well presented bj^ the autho 
and hope to add to this type of basic information in the near future. From the ch 
correlation of data presented by Dr. von Kaulla with ours, it appears that certain chan 
in the clotting mechanism may well be independent of the type of pump-oxygenator 
paratus. 

DE. WILLIAM H. MULLEE, Jr., Charlottesville, Va.—I would also like to di.'- 
the paper by Dr. von Kaulla and Dr. Swan. Dr. Cecil Hougie, in our institution, 
University of Virginia, has carried out a series of hematologic studies on 22 patients m 
going total by-pass for open heart surgery. He demonstrated that excessive fibrinol 
were present in all these cases by the lysis of whole blood clots or the lysis of clots fo 
in tubes used in the titration of protamine sulfate. This technique is a very insen 
one, measuring only gross excesses of fibrinoly^sins, and the titers in these cases were 
fore high, greatly exceeding those in patients undergoing cardiac operations not ut- 
cardiopulmonary bypass. In 2 cases, the clots formed were very small, due, in p 
lower fibrinogen levels, and the lysins in these cases were more readily demonstratei 
simple modification of the fibrin plate method of Astrup. However, the lysins in n 
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he.ut was aspuattcl and letiunul to the cxtiacoipoieal cueuit Dunng pei- 
linsioii the endotiacheal tubeb of ail animalb weie opened to atinobpheuc pieb 
b\ne Lnng biopsies i\eie obtained shoitly aftei the thoiacotoniy and agani, 
aftei pel fusion, ]ubt befoie the chest wab closed 

In 7 animals (Gioiip I), peifiision was caiiitd out without caidiac aiicst 
01 light atiiotomy In 7 othei dogs (CIioup II), the light atmiin iias opened 
iimnediately piioi to a peiiod of aiiest and was not closed until elfectiie con 
tiactions had lesnmed In the reiiiaiiimg 17 dogs (Gioup III), arrest iias 
induced, but light atriotoiiiy was eitliei not pcifoimed (4 dogs, Gioup III A), 
01 peifoiiiied late in the peiiod of inest (G dogs, Gioup III B) In 7 dogs 
(Oioii]) III C), the puliiionaiy aitcrj was clamped as aiiest was induced, and, 
in all but 1, the light atiiiim was opened late in the peiiod of aiiest 





He 1 —'Prefesurca rccordeJ from Doe No i Group I undergoing perfusion without cardiac 
arrest or atrlotoniy 


HESULTfe 

Group I —In the 7 dogs undcigoing peifusioii without catdiao aiiest oi 
caidiotonii, mean left atiial and light iciitiiciilar pressuics lemained stalile 
and low dining peifiision Theie was an aieragc left atiial pressuie iiiciease 
of 2 mm Hg with a use in 1 animal to 6 mm Ilg rollowiiig peifiision, mild, 
tiansient eleiatioiis in both mean left atiial and light lentiiciilai piessuies 
oecuiied in 2 dogs Pig 1, lUustiating the piessuic seiiiienee m 1 animal, is 
1 epieseiitatne of the cntiic gioup 

Thue weie no instances of Miitiiculai fibrillation oi post pti fusion eai 
diac failnie All 7 dogs in tins gioup sunned the immediate postopeiatiie 
peiiod and icmaiiicd Iiemodjnamically stable foi the subsequent 1 to 2 horns 
HI which piessuies weie moiutoud Goiitiol and post peifiision lung hiopsies 
fiom 3 animals showed no mdeiiee of pulmonaiy dam ige 

G}onp 11 —In those 7 dogs m which light atiiotomv was peifoimed iiniiie 
diateh piioi to caidiac aiiest, again, no significant picssuie delations weie 
obseived in eithei the light leiitnclc oi left atiium dunng the peiiod of ai 
lest In 3 of the 7 dogs, lentncular fibrillation occiuied when coionaiy flow 









ELECTIVE CARDIAC ARREST DURING TOTAL BODY 
PERFUSION: THE RELATIONSHIP OF ELEVATED 
INTRACARDIAC PRESSURES DURING ARREST 
TO SUBSEQUENT MYOCARDIAL FUNCTION 
AND PATHOLOGIC PULMONARY CHANGES 

John Ross, Jr., M.D. (by invitation), Joseph W. Gilbert, Jr., M.D. (by 
invitation), Edivard H. Sharp, AID. (by invitation), and 
Andrew G. Morrow, M.D., Bethesda, Aid. 

C ardiac failiu’e, ventricular fibrillation, and pulmonary parenchymal changes 
are not uncommon in dogs following elective cardiac arrest induced during 
total cardiopulmonary bypass. These complications of perfusion may also occur 
in patients in whom these techniques are employed. Intracardiac and pulmonary 
hemodynamics are markedly altered in the course of such procedures. The 
present study was undertaken in order to define more precisely the relation¬ 
ship of intracardiac pressure changes during perfusion and cardiae arrest to 
pulmonary damage and myocardial function following arrest. 

methods 

Thirty-one mongrel dogs were subjected to total cardiopulmonary bypass. 
Their weights ranged from 10.0 to 21.5 Kg., and averaged 15.0 Kg. The length 
of perfusion averaged 35 minutes and ranged from 25 to 51 minutes. A modi¬ 
fied Melrose pump-oxygenator^’ - was employed to provide blood flows of ap¬ 
proximately 100 e.c. per kilogram of body weight. A right thoracotomy was 
performed, and the superior and inferior venae cavae were cannulated through 
the azygos vein and right atrial appendage, respectively. The arterial cannula 
was inserted into either the femoral or the right carotid artery. A small 
catheter Avas then placed in the left atrium through a segmental pulmonary 
vein, and another Avas introduced into the right ventricle through either the 
jugular vein or a small incision in the right atrial Avail. Throughout the per¬ 
fusion and recoAmry periods, pressures Avere recorded simultaneously from the 
right ventricle, left atrium, and femoral artery, using Statham pressure trans¬ 
ducers and a direet-Avriting oscillograph. In 24 of the 31 animals, electiA'^e 
cardiac arrest Avas induced by the potassium citrate method-* for periods of 
from 12 to 17 minutes. When right atriotomy Avas performed, blood from the 

From the Clinic of Surgery, National Heart Institute, Bethesda, Md. 

Head at the Thirty-eighth Annual Meeting of The American Association for Thoracfc 
Surgery at Boston, Mass., May 16-18. 1958. 
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heait was> aspiuittcl and leturned to the e\tiacovpoieal ciicuit Duung pei 
liibion the cndotiacheal tubcb of all animals weic opened to atmospheue pies 
suie liung biopsies weic obtained slioitly attci the thoracotomj and again, 
attei pel fusion, ]ust befoie the chest was closed 

In 7 animals (Gionp I), peifusion was earned out -without caidiae auest 
01 light atnotoniy In 7 otliei dogs (Gioup II), the light atiium was opened 
iiiiiiiediately piioi to a peiiod of auest and was not closed until eftectne con 
tiactions had lesunied In the remaining 17 dogs (Gioup III), auest was 
induced, but light atnotoniy was cithei not pcifoimcd (4 dogs, Gioup III A) 
or peifoimcd late in the peiiod of auest (6 dogs, Gioup III B) In 7 dogs 
(Gioup III C) the puliiionaiy aitciy was clamped as auest was induced, and, 
111 all but 1, the light atiium was opened late in the peiiod of auest 
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"bie 1—Pressures recoiticd from Dog No 2 Group I untlcrtoing perfusion without caiUlac 
arrest or atrJotom> 


HESULTb 

Gioup 7—In the 7 dogs undergoing peifusion luthout caidiac auest oi 
eauliotoms, mean left atual and light icutuculai pressnies leinaiiied stable 
and low duung peifusion Theie was an aieragc left atual piessuie iiiciease 
of 2 mm Ilg with a use m 1 animal to 6 mm Hg rollowing peifusion, mild, 
tiaiisieiit elevations in both mean left atual and light \cntiieulai piessnies 
oceuiied in 2 dogs Pig 1, illustiatiug the piessme sequence in 1 animal, is 
lepiesentatiie of the cntiic gioup 

Thcie weie no iiistanees of lentiieiilai fibiillatioii oi postpufusion car¬ 
diac failuie All 7 dogs in this gionp suiuved the immediate postopeiatne 
peiiod and icmained liemodymiiiie ilJy stable foi the subseciiiuit J to 2 hours 
111 which picssuies weie monitoied Contiol and post peifusion lung liiopsies 
tioni 3 aiinmls showed no ludenee ol pulmonaij dam igc 

Gioup II —In those 7 dogs in which light afuotomj was peifoimed nniiic 
diatelj puoi to caidiac auest, again, no significant piessure delations weie 
obseiied in eithei the light lentuelc oi left atiuini duung the peuod of at 
rest In 3 of the 7 dogs, icntuonlai fibiillatioii oceuiied when coionaiy flow 
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C ardiac failure, ventricular fibrillation, and pulmonary parenchymal changes 
are not uncommon in dogs following elective cardiac arrest induced during 
total cardiopulmonary bypass. These complications of perfusion may also occur 
in patients in whom these techniques are employed. Intracardiac and pulmonary 
hemodynamics are markedly altered in the course of such procedures. The 
present study was undertaken in order to define more precisely the relation¬ 
ship of intracardiac pressure changes during perfusion and cardiac arrest to 
pulmonary damage and myocardial function following arrest. 

METHODS 

Thirty-one mongrel dogs were subjected to total cardiopulmonary bypass. 
Their weights ranged from 10.0 to 21.5 Kg., and averaged 15.0 Kg. The length 
of perfusion averaged 35 minutes and ranged from 25 to 51 minutes. A modi¬ 
fied Melrose pump-oxygenator^’ - was employed to provide blood flows of ap¬ 
proximately 100 c.c. per kilogram of body weight. A right thoracotomy was 
performed, and the superior and inferior venae cavae were eannulated through 
the azygos vein and right atrial appendage, respectively. The arterial cannula 
was inserted into either the femoral or the right carotid artery. A small 
catheter was then placed in the left atrium through a segmental pulmonary 
vein, and another was introduced into the right ventricle through either the 
jugular vein or a small incision in the right atrial wall. Throughout the per¬ 
fusion and recovery periods, pressures were recorded simultaneously from the 
right ventricle, left atrium, and femoral artery, using Statham pressure trans¬ 
ducers and a direct-writing oscillograph. In 24 of the 31 animals, electiA'^e 
cardiac arrest was induced by the potassium citrate method® for pei’iods of 
from 12 to 17 minutes. When right atriotomy Avas performed, blood from the 

Prom the Clinic of Surgery, National Heart Institute. Bethesda, Md. 
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TjUji.e I. GROur II. Does ix IVmcii a Costinlous Eioht Atriotomy Was Maiataixeo 



the unopened hoavt was resumed, both pressures showed further striking ele¬ 
vations and the heart heeame grossly distended in every instance. Ventricular 
fibrillation occurred in 2 animals, both of which died in heart failure following 
eleetrioal defibrillation. Lung .sections from the first 2 animals showed hemor¬ 
rhage and edema in the biopsies obtained after perfusion (Fig. -1). A third 
animal spontaneously re-established an effective heat, while the remaining dog 
did so only with the aid of massage. Both of the latter dogs were chrome sur¬ 
vivors and neither was found to have significant pulmonary damage. 



Fig- I —PJiotoinicrograpli of the tune. Post-perfuaSon hlopsv from a dog in Group 111. 
Interstitial hemorrhage and Intra-alvcolar edema are demonstrated. (Ilemaloxylfn and eosin; 
X205 , reduced ) 


Right atriotomy was performed in 6 dogs immediately prior to restoring 
coronary flow into the arrested heart (Group III B), Fig. 5 illustrates the 
usual pressure sequence during such an experiment. Prior to atriotomy, the 
left atrial and right ventricular pressures during arrest iucreused, as in the 
previous grouj), to an average value of 16 mm. llg. Pressures in both sides of 
the heart usually returned to normal coincident with right atriotomy, although 
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was restored. Electrical defibrillation was readily accomplished in all in¬ 
stances, although 1 animal exhibited persistent heart failure after defibrillation 
and subsequently died. The mean left atrial pressure of this animal was ele¬ 
vated to over 20 mm. Hg and mild edema without hemorrhage was evident in 
the post-perfusion lung biopsy. The lung biopsies in 5 other dogs were nor¬ 
mal. Pig. 2 illustrates the typical course in 1 of these animals, and Table I 
summarizes the hemodynamic data from this group. 



Fig-. 2.—Pressures recorded from Dog No. H, Group II, undergoing perfusion -with 
cardiac arrest. Right atriotomy was performed before arrest and maintained until good 
cardiac action had resumed. 



I - OEFIBRIUUATION "t - DEATH 


Fig. 3.—^Pressures recorded from Dog No. 15, Group III No atriotomy was performed. 

Group III.—In the 4 animals of Group III A, no cardiotomy was performed. 
Gradual elevations in mean left atrial pre.ssure to an aimrage value of 16 mm- 
Hg occurred during the period of arrest. Right ventricular pressure cuives 
followed closely those of the left atrium (Pig. 3). When coronary flow into 
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TAiii.B I. Group H. Doos in Which a Continuous Eight Atkiotomy Was Maintained 



mean left atrial rUESSURE (MM. lijj) 

right ventricular rUESSURE, S/D (MM. Hlf) 

DOG 

PEFOUE 

AT ESD 
OP 

APTER RE- 

AFTER 

before 

AT END OF 

AFTER RE- 

AFTER 

NO. 

ARREST 

ARREST 

starting 

PEUPOSION 

arrest 

ARREST 

STAPvTING 

Perfusion 

S 

4 

7 

o 

7 

4/0 

1 

5/0 

Vi 

9 

0 

0 

5 

7 

1/0 

0 

9/3 

1.1/2 

10 

1 

7 

24 

15 

10/0 

4 

18/2 

25/4 

11 

2 

5 

7 

4 

12/5 

0 

7/3 

22/6 

19 

S 

3 

6 

9 

20/4 

3 

10/5 

35/7 

IJ 

1 

1 

1 

7 

0 

0 

15/3 

33/4 

14 

1 

a 

5 

6 

3/0 

0 

5/0 

24/4 


the iiiiopeiicd heart was resumed, both pressures showed further striking ele¬ 
vations and the heart became grossly distended in every instance. Ventricular 
fibriilation occurred in 2 animals, both of which died in heart failure following 
electrical defibrillation. Lung seetions from the first 2 animals showed hemor¬ 
rhage and edema in the biopsies obtained after perfusion (Fig. ■!). A third 
animal spontaneously re-established art etieetive beat, while the remaining dog 
did so only with the aid of massage. Iloth of the latter dogs were chronic sur¬ 
vivors and neither was found to have significant pulmonary damage. 



Fip. 4.—-PhotomJeroffraph of the Junff, Post-pcrfualon biopsy from a doff in Group HI. 
Interstitial heniorrbagc and Intra-alvcolar ^«ma are demonstrated. (HcmatoxyUn and eosin; 
X205; reduced ^4.) 

Right atriotoiny was performed in 6 dogs immediately jirior to restoring 
coronary flow into the arrested heart (Group HI C). Fig. 5 illustrates the 
usual pressure sequence during such an experiment. Prior to atriotoiny, the 
left atrial and right ventricular pressures during arrest increased, as in the 
previous group, to au average value of Ifi mm. llg. Pressures in both sides of 
the heart usually returned to normal coincident with right atriotori o „ 
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in se\eial dogs a delay in the fall of the left atiial piessuies occuiied This 
deliy ivas associated with the highest left atrial pressiues and tould be 
obhteiated by lendciing the pulmome sal\e mcoinpetent 

Ventiieulai fibiilUitiou ocutiied m 1 animal, and piogiessue heait failuie 
followed deRht illation Of the leiuaining 5 dogs, J developed heiiiodj naniie 
evidence of iiersistont caidiac decompensation following peifiision Post 
pel fusion lung biopsies weio obtained m 5 dogs Sections fioin 3 of the dogs 
eiidencing caidiac failuie showed heinoiiliage and edema 

In Older to loeahzo the oiigin of the blood accumulating in the light hcait 
duiing aiiest, the pulinonaiy aitciy nas clamped coincident with aortic oeelu 
Sion in 7 animals (Group III C) Tjpical piessuie cuiies accompanying 
piilnionaiy aiteiy occlusion duung aircst are lepioduced in Tig G A sepa 
lation of the left atiial and light ventiiculai piessiue cuiies occuiied The 
delations in light ventriculai piessiue were less than in the pieiious gioup, 
the aieiage use being 9 mm Hg The mean left atiial piessuies, hoiieiei. 



ARROW (NOICATCS ATRIOTOMY 

F(g 5 —Pressures recortleti from Doff No 21 In Group III B Rleht atrlotomj was performed 
(at vertical arrow) prior to terminaUnj, cardiiXC arrest 

lose stiikingly to an aieragc value of 23 inni Ilg These findings indicated 
that the inajoi souice of blood filling the light heait dining attest was letto 
gtade flow ftotit the pulmonaiy aitery tiuough a collapsed and incompetent 
pulmome lahe 

In 6 of these dogs, light atnotomy was iicifoiiued immediately liefoie the 
peuod of aiiest was teimmated In the seieiith dog, caidiotomy w is not jiei 
foimed Ventiiculai fibiillntion ocemicd in I dogs, and in 3 ot these, tie 
fibiillatioii was followed by eaidnc f uluie A filth dug also del eloped caidiae 
failuie One of the fiie post peifusion lung biopsies showed sigmfit.uit pul 
moiniy hemorihage 
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The hemodynamic data from the dogs in which no atriotomy or delayed 
atriotomy was performed (Group III) are presented in Table II. 

Table III summarizes the results from all groups. In contrast to the dogs 
in Group III, in the control dogs and in those receiving a continuous right 
atriotomy, pulmonary complications were infrequent and death from early 
myocardial failure was uncommon. 


T/Vble III. Summary op Post-Perfusion Complications 


GROUPS 

NUMBER OP 
BOOS 

CARUIAC 

FAILURE 

LUNG 

BAMAGB 

DEATH 

IMMEDIATELY 

POSTOP. 

I. No arrest 





II. Arrest with con- 

tinuous atriotomy 

14 

1 

0 

1 

III. Arrest with no 
atriotomy or 
delayed atriotomy 

17 

10 

7 

10 



Pig-, 6.—Pressures recorded from Dogr No. 30, Group III C, in which the pulmonary artery 
and aorta were occluded simultaneously during' cardiac arrest. 


DISCUSSION 

During total cardiopulmonary bypass, the bronchial artei’ies provide a 
continuous flow of arterialized blood to the lungs. Experiments have shown 
that when pulmonary artery pressure is low, blood from the bronchial arteiies 
may flow into both the pulmonary arteries and veins.^’ ® Thus, during caidiac 
arrest when pulmonary artery pressure is low, both the left and right sides 
of the heart receive this flow. The experiments described herein demonstiatc 
a simultaneous rise in both right and left heart pressures during a period of 
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aiiest without eaidiotoniy As long as the pulmomc -lalve lemains meoin 
petent, the two sides of the hent aie in fiee coinmunicatioii thiough the pul 
moiiaiy \aseulii bed Retiogiide flow into the light heait will thus prevent 
elevation of left atiial piessuie if light atiiotoniy is peifoiined eaily in aiiest 
If iiitiacaidiac picssuies aie allouid to use diiiuig aiiest, a subsequent right 
atiiotomy will usually deconipitss the left hcait, ue\ ei theless, iiiyocaidial 
failuie often oeeuis, indicating that cun tempoiaiy dilatation diminishes the 
likelihood of le establishing an elfeetne beat FoIIoiving dilatation, lecovery 
aftei ihttiieal defihiillatioii is also less likely This inadequate niyoeaidial 
lecoveiy is nttiiliiited to the elniige in diastolic fibei length imposed by dila 
tatioii of the heait dining the aiiest pcilod 

It was obseived that light \eiitiieulai picssuies lose slightlj even when 
the piilmonaiy aiteiy was oeeluded, indicating an additional, although smallei, 
souice of blood enteiing the light heiit duiiiig aiiest Obsenations in iso 
lated aiiested heiits’’ ha\e dcnioastiitcd that blood iii the left heait and 
soitic loot will peifuse the toionaij aiteiics when the mean piessuie in these 
iieas exceeds 15 mm Hg The letuiii of such blood through the eoiouaij 
sinus piobablj accounts foi the piessuie use noted when letiogiadc flow fiom 
the lungs was pievtiitid bj occlusion of the pulmonaiy aiteiy 

The micioseopio changes in the lungs aie moie difficult to eialuate IX 
peiimeiits pioducing elevation of piilnioiiaiy venous and aiteual piessuies by 
allowing bioiiehial aiteiy flow into a lobe of the lung to which the pulmonaij 
arteiy and vein had beui Iigatid usulted in acute micioscopie heinoiihage 
aiouiid the pulmonaiy eapillaiies Such mteistitial henioiihage is not ordi 
naiily seen following pulmonaiy edema alone, and its occurience in the pies 
int senes of animals suggested that a similar piessuie mechanism during pei 
fusion might be inciimiiiated Ilowcvei, a uumbei of dogs not developing 
caidiac failme sulfeied maiked acute piessuie elevations without incuiring 
detectable lung damage Ihiitheimoie in most of the dogs demonstrating 
lung changes, eaidiac decompensation was ]ncseiit by the time post perfusion 
biopsies weie obtained Such findings suggest that a combination of piessuie 
elevation duiiiig aiiest with subsequent caidiac failuie may be neeessaij foi 
the pioduction of henioiihagie lung damage Otheis howevei, have found 
pulmonary henioiihage to occui during the interval of airest in animals hav 
mg iiieieased bionchia! collateial flow that wcie subjected to pulmonaiy 
aiteiy occlusion dining ariest® 

Ill patients with congenital heait disease, and in some types of aequiiod 
disease, bionchial aiteij and pulmonaiy collateial flows may be gieatly 
uicreased It is evident that uiidei these ciicunistaiiees consideiable magiiifi 
cation of the hemodynamic ch inges desciibed heieiii will be obseived The 
piescnt study demonstiates that a eoiitinuous light atiiotomy dining aiiest 
will pi event intiacardiac piessuie elevations during caidiac ariest in the noi 
nial dog Howevei, as dcmoiistiated in some dogs iiiideigoing late atiiotomy, 
light atiial decompiession alone iniy not deciease left atiial pressuie In the 
face of high iiitiapulnionaij picssuies the pulmonic valve may lemaiii com¬ 
petent Ill this situation left heait deeompiessioii must be maintained eithei 
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by a catheter placed through the pulmonic valve, or by direct left-sided car- 
diotomy. The practice of occluding the pulmonary artery and aorta together 
at the time of arrest prevents left heart decompression through the pulmonic 
valve, and would also necessitate drainage of the left heart. 

With intraeardiac defects accompanied by markedly increased collateral 
flow, drainage of the pulmonary artery, or left-sided eardiotomy, probably 
should be performed in all instances to provide decompression during the 
l^eriod following closure of the defect and resuini)tion of effective cardiac con¬ 
tractions. Such decompression may also be indicated during the restoration 
of coronary flow after the open repair of vah'ular heart lesions. It is essential 
to avoid even brief periods of cardiac distention if the hazards of myocardial 
failure and its sequelae are to be minimized. 

SUJIitARY 

Left atrial and right ventricular pressures were measured in 31 dogs sub¬ 
jected to cardiopulmonary bypass with and withoiit elective cardiac arrest. 
When the heart was not arrested, there were no elevations in inti’acardiae pres- 
sui’es during the perfusion and recovery periods. The findings were similar in 
those animals imdergoing arrest when a continuous right atriotomy was main¬ 
tained. Maiked elevatioiis of left atrial and right venti'ieular pressures were 
recorded if atriotomy was not performed, or carried out late in tlie i^eriod of 
arrest. Pressure elevations were accompanied by distention of the heart, and 
subsequent myocardial failure was common; microscopic hemorrhage in the 
lungs occurred in some instances. Evidence is presented that the major source 
of blood returning to the right heart during arrest is from the bronchial arteries 
by way of the pulmonary vascular bed and an incompetent pulmonic valve. The 
importance of these observations in the clinical management of patients under¬ 
going elective cardiac arrest is discussed. 
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PULMONARY LYMPH IN EXPERIMENTAL PULMONARY EDEMA 
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H H Biadshaw, yll D , Winston-Salem, N C 

T hi re has been ineieasing inteiest in pnlmonaiv Innphatic diainage in leceiit 
yeais as a result of the appaicnt using incidence of bionehogeme caici 
noma The inajoi emphasis in this area has dealt with legional mediastinal 
lymphatics in lelation to their singical cxtnpatioii in conjunction with ladical 
pneumoiicctoiiiy foi tic.itment of pulmoiuuy nialignanoy The piesent studj 
was stimulated by an attempt to undcistand the patliophysiologj of edematous 
lungs as seen in patients on the thoiacic suigieal senice The lelatioiisliip 
of inteistitial fluid ot lymph to the development of the wet lung has been the 
subject of some miestigation in the past Diinkei and HaideubeiglP demoii- 
stiated to their satisfaction that the iiiajoi portion of pulmonaiy Ijmph in 
the dog lung diains into the light hinphatic duct, Minch empties into the sub 
olavian vein They woie aide to eatlieteuze this duct in some animals and 
theieby sample pulmonaiy lymph 

The piesent study Mas theicfoic outlined to nncstigate the lohitioiiship 
between pulmonary lyiiipluitic diainage and the development of pulmonaij 
edema in the dog 

■ML 1 HODS 

A gioup of 10 dogs w.is used to study iioinial inilinonaiy lymphatic diaiii 
age In each animal the thoiacic duct and the light Ijiiiphatie duct weie 
exposed in the iitek and cannulated with fine polj ethylene tubing 

The technique ot light duct caimulatiou is tedious as might be expected 
lioiii the delicate stiuetuie iinohed "We have exposed the diainage system 
\ia a tiansveise incision m the neck just aboie the iib cage Alter identifica 
tioii of the external pigulai leiu, dissection is earned infciioiij to tlie junction 
ot the jugulai with the subclavian vein At this iioiiit the eeiiical Ijiiiphatie 
duct IS seen couising fiom a posteiioi position lateialij to the lein junction 
wheie it opens into a cistein which empties into the venous sjstcm The nght 
lymphatic duct usually exits fiom the iiicdiastimuii just infeiior to the cisteiii 

trom the Departments of Surgerj Unl\trsit\ of Buff'ilo School of 'Metlicinc BuITtIo 
N 1 and the Bowman Gray School of Medicine Wlniiton Salem 's C 

Supported in part by The US Public Health Sci^Ice (Grint H 3126) 

Bead at the Thirtj eightli Annual 'Meeting of Tlic \mLrican ApsociatJon for Tlioncic 
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and empties into it from a caudad direction. This duet has been eannulated 
just inferior to the cistern using a P.B. 50 polyethylene tube sutured in place. 
Anomalies of the right duet are rather frequently seen but, in spite of the 
above-mentioned difficulties, abo\it one half of the operated animals underwent 
successful eannulation, and an adequate flow of chyle-free lymph was obtained. 

Three of these animals had previously been fed a fat meal to wliich Sudan 
III had been added. In 7 of the animals, sky-blue dye was sprayed into the 
endotracheal tube with duct catheters in place. A second group of 40 dogs 
uiiderwent neck exploration, and 28 of these had successful eannulation of 
the right lymphatic dixet. In 19 of these 28, we could demonstrate no apparent 
intercommunication between right lymphatic and thoracic ducts by means of 
fat feeding and differential dye study as mentioned below. Base line shulies 
of pulmonary lymph were tlierefoi-e completed on this latter group following 
which alpha-naphthyl thiourea (ANTU) dissolved in propylene glycol was 
injected to produce experimental pulmonary edema. Hourly samples of 
pulmonary lymph were collected until the time of death in these animals. These 
samples of lymph were studied for their electrolyte and protein contents. 



RESULTS 

Animals which had been given the high fat meal stained with Sudan III 
began to produce bright pink lymph from the thoz'acic duet in approximately 
30 minutes. In these animals there was no coloring of lymph coming from 
the right duct. It would therefore appear that no mixing of lymph occurred in 
these animals iii view of the differential dye study. On the other hand, when 
sky-blue dye was sprayed into the endotracheal tube, right duet lymph turned 
blue in 4 to 5 minutes. In 4 of the animals, dye appeared in low concentration 
in thoracic duct lymph in approximately 45 minutes. 

These studies have shown that in approximately 50 per cent of dogs the 
major portion of pulmonary lymphatic drainage is via the right lymphatic 
duct. Drinker’s findings, as shown in Fig. 1, are supported by these data. 
Animals for lymphatic study were therefore fed prior to operation, and only 
those from whom a steady flow of ehyle-fi’ee lymph could be obtained from the 
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light duct catheter wcie included in the final study Noiiiial seniin aiic 
liuliiionaiy lymph values in dogs from our laboratory foi base line coiiipaiisoii 
aie given in Table T 

AVhen these aninials weie subjected to positive piessuie lespiiation in the 
laiige of 25 cm of watei, an immediate iiieiease in flow from the right duct 
catheter was noted It was found that the aveiage liouily lymphatic flow was 
usually doubled duimg the peiiod of positive picssuie lespiiation as shown in 
Fig 2 Theic weie no essential changes in the cheiiiical content of this lymph 
tiom that 111 the noinially lespiiing dogs 



iflg- 2—Positive Pressuio Respiration and L>mph Flow Tlic effect of 23 cm watei positive 
pressure on tlic output of hmph from the light lympiiatlc duct 



Fiff 3—Kffect of ANTU on Ijmph flow late 

All animals leceiviiig aljiha-iiaphthyl thiourea developed fatal piiliiioiiaiy 
edema, usually within 6 to 8 houis The animals showed no ill effects of the 
ding until 1 to 2 horn's befoie death when lespiiatory late hegan to rise and 
incieasnig aiiioiiiits of pink fioth appealed in the ondotiacheal tube. At 
autopsy these animals showed ecehymotic, edematous lungs which exuded 
fioth and wateiy fluid fiom the cut surface Bilateial plciiial effusions weie 
usually picsent, but no othei gioss ahiioimalities weie seen Hourly lymph 
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output from the right duct Avas collected from each animal^ and these volumes 
averaged as shown in Fig. 3. Electrolyte and protein contents have been 
averaged and supei-imposed over the normal values as shown in Fig. 4. 

An added constant finding was the gross appearance of red cells in the 
lymph with the onset of pulmonary congestion leading to edema and death. 


Table I. Composition’ of Normal Serum an'd Lymph in the Dog’' 


1 

SERUM 1 

LVilPH 

Sodium (niEq./L.) 

135-160 

152 

Potassium (luEq./L.) 

3.7-5.8 

4.2 

Chloride (mEq./L.) 

99-140 

143 

CO; (niEq./L.) 

17-27 

25 

Protein (Gm. %) 

6.1-7.8 

3.25 

.41I)umin (Gm. %) 

3.1-4.0 

2.43 

Globulin (Gm. %) 

2.0-3.3 

0.9 

pH 

7.32-7.68 

7.7 


‘This comparison of the electrolyte and protein content of serum and Ij’mph in the dog- 
allows their similarity e.Ycept for lowered protein content in lymph. 



Fig. i .—Content of Lung Lymph in Pulmonary Edema. Any changes from normal values are 
shown b.v separations in height of tlie columns. 


DISCUSSION 

From these experiments our results tend to corroborate Drinker’s findings, 
in that approximately 50 per cent of our animals have been found to drain 
pulmonary lymph via the right lymphatic duct without apparent mixing with 
chyle from the thoracic duct. It was the feeling of that group that only the 
apical portions of the left upper lobe in the dog tended to drain, in a majority 
of animals, into the thoracic duct. 

It would appear that right lymphatic duct cannulation permits the study 
of events in the interstitial spaces within the lungs by means of sampling 
pulmonary lymph. It by no means, however, represents total lymphatic drain¬ 
age from the lungs in that the extensive pleural plexuses account for a signifi¬ 
cant portion of lymphatic drainage. Nevertheless, events within the pulmonary 
lymiihatic system are apiDarently adequately reflected in the output from the 
right lymjihatic duct. 

Alpha-naphthyl thiourea has been extensively studied as a tissue poison 
by Richter,® Driiiker,^ Latta,“ and others. It apparently exerts a rather specific 
effect upon the pulmonary vascnlatui’C by means of increasing permeability of 



Volume ,6 PULMONARY LYMPH IN EXPERIMENT V.L EDEM V 547 

Numlerl 

the capillaiy bed In oiu hands, the dosage of 50 ing jier hilogiam of body 
weight was adequate to pioduee piilmonaiy edema witlmi G to 8 houis witliout 
piodueiug immediate death of the animal at tlie time ot injection 

It IS iiiteiesting to note that clcctiolyte lei els lemained vciy similai in 
the lymph to that of the seium befoic onset ot pulmonaiy edema Piotein 
content in the lymph is about one half of that seen in the seium Compai.i 
tively little change oceiiiied in the content of lym])h thioughout the pulmonaiy 
edema expeiiments in spite of the fact that gicat changes in output loliimc 
au ohiioub 

In leeeiit months, pulmonaiy edema has been piodiieed in animals by 
means of eieating laige systemie-pulmonaiy aiteiy sliiiiits The pulmonaiy 
edema thus piodiieed by means of incieascd pulmonaiy laseiilar floii and 
subsequent light heait tailuie is similai in most lespcets to that pioduccd bj 
alpha naphthyl thioiiiea Thus fai, lymph changes due to incieascd piilmoiiaii 
flow and eientual edema ha\o closely paialleled those demonsti ated by dogs 
given alpha naphthyl tluouua 

CO^CLUSIO^S 

1 In appioximatcly 50 pei cent of dogs, the majoi pulmonaiy lymphatn 
diainago is via tlie light lymphatic duct 

2 The light duct can be cathctciiyed in these animals and puliiionan 
lymph samples obtained 

3 Ill the 1101 mal dog, sodium and potassium leicls in pulmonaiy lymph 
appioximate lei els of eiieulating plasma nhih total piotcin content is ap 
pioximately one half that of plasma 

4 Positive piessuie lespiiatioii tends to pioduee a iiiiifoim iiiciease in 
output of pulmonaiy lyiiijih fiom the light duct 

5 Ill expeliniontal pulmonaiy edema pioduccd by iiitiaieiious injection 
of alpha naphthyl thiouica, a chaiactcnstic iiiciease in lymph floii oceuis 
while pioteiii and eleetiolyte contents lemaiii laigely unchanged 

6 It voiild appeal that similai changes occui in animals subjected to 
aiteiialization ot the lung 

7 Right duct caiiiiulatioii piocidcs a method of pulmonaiy lymph study' 
which should lend itself to othei ajiplicatioiis in the oxpeumeiital laboiatoiy' 
One of these should be the timed collection of tagged malignant cells pieci 
ously injected into the tiachcobionchial tice Such a study should demon 
stiate the behavioi of Iniiig cells with lespect to then disscmniatioii into the 
lymphatic diainagc system 
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THE EFFECT OF POSITION ON PULMONARY VENTILATION 


Thomas P Nealon, ]i , M D (by mutation), and John H Gibbon, Ji , Al D , 
Phtladelphta, Pa, With the Techntial Assistance of Joyce E Puce, RN 

I MKVTHoavcic opeiations >ue usually peifoimed with the patient iii eitliei a 
supine 01 lateial position Theic aie clcfiiiitc aihantages to each appioaeh 
The posterolateral incision takes nioic tunc than the anteiolateial appioaeh 
(supine position), but it is leiy populai because it piovidcs bettei exposuie 
Theie has long been a elinieal iiiipi cssioii that patients in the supine position 
toleiate anesthesia bettei and aio luoie easily ventilated Beeehei and 
'Mtiiphy,* in a study of lespiratory acidosis in patients undeigoiiig thoiaeot 
oniy, found that acidosis oceniicd moic fiequently when the lateial position 
was used Latei studies with mechanical lespiiatois denionstiated that it was 
possible to pic\ cut acidosis in these patients by piovidmg adequate pulinonai’j 
ventilation * It was the pm pose of this study to detoimine whether the minute 
volume lequiied to maintain adequate pulmonaiy vtntilation in patients was 
gieatoi 111 the lateial position than in the supine position 

PROCEDURE 

The studies weie earned out on 8 patients undergoing thoracotomy Pie 
opeiative sedation consisted of baibituates the night befoie opeiation, lo 
peated again in the moiniug and followed by Denieiol and ati opine The 
patients weie anesthetized with intiaieiious Pentothal Sodium, niusciilai le 
taxation was accoiiiplishtd with nitiaitiious succinyl choline, and the largest 
possible endotiacheal tube was nisei ted Anesthesia fioiii that point consisted 
ot endotiaehcal ethei and oxygen (ni one instance, intious oxide and oxygon) 
The endotiacheal tube, which was cutted, iias attached to a closed eiicle type 
anesthesia machine The patient was made apiieic eitbci by liypcii entilation 
01 by the use of succinyl choline and ventilation was pioiidcd by a Jefteison 
Ventilatoi * Volume ot icntilitiou w<is mcasuicd bj a gas flow metei placed 
in the cxpnatoiy line of the anesthetic ciicuit Tins metci has a flow late 
capacity ot 2 4 to 70 L pei minute with a icsist nice of less than 0 a cm of 
watei at the liighci flow lates Piessuics within the ciicuit weie lead fiom 
an aneioid type piessiue gauge 

From the Jefferson Medical Collegre of PhlUdelphlt 1025 Walnut St PluJadelphla 7 Pa. 
Supported by U S Public Health Grant H 3319 

Read at the Thirtj eighth Annual Meeting of The VincrlCTn ..Vs'^ociation for Thoracic 
Surgerj at Boston Mass May 16 IS 1958 
• \ir Shlel Is Inc Hatboio Pi 
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All infrared absorption continuous eai’bon dioxide analyzer was used to 
follow the adequacy of ventilation throughout the operation. The accuracy 
of the analyzer was assured by a bank of calibrated tanks of carbon dioxide 
in oxygen ranging from 1 to 10 per cent. The concentration of carbon dioxide 
in these tanks, determined by the miero-Seholander technique,® remained con¬ 
stant until the cylinders were empty. A full calibi'ation curve for the analyzer 
was established prior to the start of the opei-ation and the calibration was 
cheeked periodically at the operating table. The machnie gave remarkably 
constant readings over a period of weeks. A continuous partial sampling tech¬ 
nique with a microcatheter cell was used as described by Collier and eo- 
woi-kers.- A sample of gas was drawn at a constant I’ate (600 c.e. per minute) 
from the end of the endotracheal tul)c. The gas was drawn through the 
analyzer beside the patient’s head and the concentration of carbon dioxide was 
recorded on an Esterline Angus recorder located outside the operating room. 
From this tracing one could readily read the concentration of carbon dioxide 
in the insiJired gas and the end expired gas. The latter was used to monitor 
the tension of carbon dioxide (pCO-,.) in the artei-ial blood. Tn conscious pa¬ 
tients, the tension of carbon dioxide in the ciad expired gas and in the arterial 
blood are approximately equal.- There is a greater discrepancy in patients 
under anesthesia but the difference is fairly con.stant and changes in one are 
mirrored by changes in the other.-’’ An unchanged concentration of carbon 
dioxide in the end expired air is therefore considered a reliable indication of 
unchanged pCOj of the arterial blood. 

After the patient was made apneic and ventilation begun, the volume of 
ventilation was gradually decreased until evidence of spontaneous respiratory 
effort appeared. Ventilation was then inci'cased .sufficiently to obliterate this 
voluntary effort. The concentration of carbon dioxide in the end expired gas 
at which this took place was noted and for the remainder of the procedure the 
PCO 2 was maintained as near as possible to that level. 

A Cournand arterial needle was inserted into a brachial artery. Arterial 
blood for analysis was periodically drawn into oiled, heparinized syringes. 
The pH was measured using a Cambi-idge pH meter. Carbon dioxide content 
and oxygen content and capacity were measured by the technique of Van 
Slyke and Neill,” as modified by Goldstein and associates® to compensate for 
the pressure of ethyl ether. The tension of carbon dioxide in plasma (pCO^) 
was calculated from the line charts of Van Slyke and Sendroy."® 

The desired concentration of carbon dioxide in the end expired gas was 
maintained by changuig the tidal volume; this in turn could be controlled 
by varying the difference between the inflation and deflation pressures. The 
mean pressure was kept between atmospheric and + 5 cm, of HoO when the chest 
was closed. When the chest was opened the mean pressure was adjusted to 
give optimal expansion of the lung. The respiratory rate and the equal dura¬ 
tion of inflation and deflation were unchanged throughout the operation. 
Measurements were made only after the state had become steady,^ i.e., when 
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the coiiccntiation of caibou dioxide m end expiied an was unchanged foi at 
least 5 minutes This assuied that the lueasuicd aiteiial pCOs ivas tiiily a 
loilectioii of that volume of iciitilatiou 

Measuiements weio made iihile the iiatioiit was supine, aftei ho was 
placed in the lateial position hut betoie the chest was opened, at \anous times 
while the chest was open, and duiing closuie 

RCSUITS 

Seven patients weio opeiated upon in a lateial position (T.ihle I) and 1 
in a supine position In 5 patients tumiiig fiom the supine to the lateial 
position did not affect the effieicney of the \ entilation Both positions icquiied 
appioxiinately the same volume of ventilation to imintain the same pCO™ 
(Pig 1) Thtie was, howcvei, some change in the piessuies icquiied to effect 
that loluine In some cases the same picssuic piodiited the same lolume, in 
otheis even less piessuie pioduccd the same lentilation aftii the patient was 
tinned on the side 



In the othei 2 cases theie was an abiupt ineicase in ventilation icquiied 
midway thiough the opening ot the ehcst These iieie assoeiated «ith spill.ige 
ot letained iiiateiial fioin the diseased lung into the tiachcobionchial tiee 
As an example, in Case 6 (Pig 2) consideiable seeietions fiom a tiapped lobi 
spilled into the dependent lung iiiiiliiaj thiough tin opening ot the eliest and 
his lentilatoiy lequiicment immediately lose tiom 13 to 14 8 L pel minute 
By the time the chest was opeiieel he neeiled 20 5 L pei minute and this 
peisisteel thiough the pciioel ot elosiiie md loi 10 mniiitis aitei ho was tin lied 
oil to Ills back 

Opening the chest ebel not ot itself signifieantlj iltei the leiitilitoii le 
quiiements While the lung iias fully expanelid the effieienej ii as essentiallj 
the same, but when the lung iias eompiesscil tlicie Mas i deeie ise in efheiencj '' 
An mciease in lolunie of \ entilation m is leiiuueel to inaintain a steady pCOj 
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^ The amount of change in efficiency due to compression of the lung was 
variable and in each instance was related to the local factors. In Case 4, the 
upper lobe was funetionless because of tumor involvement. Consequently, 
compression of the upper lobe during the dissection of the upper mediastinum 
had very little effect on the ventilation. However, when the lower lobe was 
retracted there was a marked decrease in the efficiency requiring a consider¬ 
able increase in volume. In Case 7, the lung was without function, consequently 



Fig. 2.—Diagram of studies on Case 6. Spillage of secretions during the opening of the 
chest interfered with ventilation. This persisted even after the patient was returned to his 
back. 


Table I. Results of Studies op 7 Patients Studied During Operation in a 

Lateral Position 



1 





LATERAL 





i 



i 

1 

CHEST OPEN 




SUPINE 

CHEST CLOSED 

LUNG EXPANDED ] 

[LUNG COLLAPSED 

CASE 

NO. 

OPERATION 

VENT. 

(E./ 

>IIN.) 

pco- 

( JIM. 
Hg) 

VENT* 

(E./ 

MIN.) 

PCO; 

( M JI. 

Hg) 

VENT. 

(L./ 

MIN.) 

pco. 

(MJI. 

Hg) 

VENT. 

(L./ 

MIN.) 

1 pco, 
(MM. 

1 Hg) 

1. 

Exploratorj' 

thoracotomy 

15.9 

53 

16.3 

50 

16.6 

52 

17.7 

52 

2^ 

Lobectomy 

16.1 

34 

16.5 

34 

16.7 

36 

18.1 

37 

3. 

Pneumonectomy 

11.9 

30 

11.9 

30 

12.4 

33 

15.9 

27 

4. 

Pneumonectomy 

10.9 

29 

10.0 

35 

9.8 

3/ 

9.8 

42 

5. 

6. 

Esophagectomy 

Exploratory 

19.6 

13.1 

22 

38 

18.3 

14.0 

21 

351 

19.5 

20 

18.5 

32 


thoracotomy 

21.9* 

341 

15.9t 

34 

21.9f 

341 

21.91 

34t 

7, 

Exploratory 

thoracotomy 

13.0 

35 

14.5t 

44 

13.81 

50 

12.91 

48 


•Measurements made at the conclusion of the operation when the patient was returned 


to the supine position. 

tThe underlined tensions were calculated from the analyzer record. The remainder 
were measured in the blood. 

JMeasurements made after spillage of secretions. 
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compiebbion of this lung did not change the efficiency of the ventilation In 
seveial othei cases, likewist, it was noted that tiactioii on the lung, pnitieu 
laily when uoilving down neax the mam bionehus, gieatly mteifeied with 
the flow of gas to the opposite liuig Ligation of the pulnionaiy aiteiy seemed 
to deeiease the deleterious effect of eompiession of the lung Howevei, we do 
not hail sufficient evidence to make any dehnitc statement ugaidmg this 
point 

The only iiitieiit who had an anteiolateial ineision (not iiieluded in Table 
I) icquiud IT L of ventilation pei niiiiute while the aiiteiioi suiface of the 
hiluni was being investigated When the lung was fully expanded, 14 8 L 
maintained the pCOs at the same level IJeeaiise this was only an exploiatoiy 
thoiauitomy manipulation of the lung and vessels was not extensive Oxygen 
satuiations weie satistaetoij thionghoiit the opei itions but m most mstaiices 
vveie lowei while the lung was cnmpiessed 

msoussiO'J 

The majoi diffeioiice iii ventilatoij efficiency between the aiiteiolateial 
and posteiolateial approaches seems to be t elated to the amount of comprts 
Sion ot the lung The liilai stiuctuics he midway in the mediastinum while the 
lung on each side lies iicstlul in the thoiaeic bed Conseeiueiitly with the 
anteiolateial appioacli it is possible to woik on the anteiioi suitace ot the 
hilum with toiisideiably less eompiession ot pulmonaiy tissue than is iiceess iij 
with the ixostoiolatoial ineision ruithciinoie when the patient is in the 
lateial position the lung is moio likely to collapse fiom its own weight hecausi 
of its position in ielation to the bionehus 

It IS not oui purpose to diseouiage the use of the posteroliteial approach 
AVe aie well awaio of the irnpiovcd exposuie available and use this ineision 
ill the majority ot our iiitiathoiaeic operations Ilowevei, in oidei to obtain 
satisfaetoiy ventilation in this position, one must compensate tor the effect of 
eompiession bv periodically allowing the lung to expand 

si VIVl VK\ 

The ventilatory leiiuiiemciits of patients undergoing thoiaeotoiiiy weie 
measured while they were in the supine position, aiul in the lateral positiorr 
bcfoie and after the cliest was opened 

Efficiency ot ventilation was not afteeted by the lateial position liut was 
doereased by eompiession of the lung The gieatei need to eompiess the lung 
111 the lateral position is pointed out The impoitaiiee of peiiodic expansion 
of the lung is stiessed 
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AORTIC HOMOGRAFT REPLACEMENT OF THE MAIN 
PULMONARY ARTERY 
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Alaivin Gilbeit, AID (by invitation), and Llliott S Hmwitt, Al D , 
NeivYoik.N Y 

T his, series of evpeiiiiieiits Mas initiated iolloMiiig a pulnionaiv tiuoinbo 
endaiteieetomy in a patient siiffeimg fiom ehionic thiombosis of tlie piil 
luonaij aiteij V biief leiieu ot the htciatuie and lepoit of 2 additional cases 
of this ebnieal syndionie has been piescntid ’ In the analvsis of pieiioiisly 
icpoitcd eases of ohionic thiombosis of the pulmonaiy aiteiy, it bet line ap 
paient that in some cases the obstnietioii i\as situated in the main pulmonaiy 
aiteiy oi one of its iiiajoi blanches and might tlieiefoie lie amenablp to sui 
gical theiapy Two suigical appioaehes to the pioblem iieie then considoied 
Fust as lepoited pieiiously, the su'gical method employed was open lemoial 
of the thiombotie mateiial fiom the niiohed lessels iiiulei conditions ot mtlow 
oeelnsion of the lieait This papei linthei expands the therapeutic appioaoh 
to pulmonaiy aiteiy obstiuetion by the pieseiitation of two additional toeli 
nitiues foi complete leplaecment of the pulmonaiy' aiteiy “ 

No pieiious lefeience was found in the liteiatuie deseiibing a siugical 
technique foi the placement of giatts m this aiea, iioi was any infoimation 
obtainable legaidiiig the ultimate fate of aortic honiogiafts in the pulmonaiy 
aiteiy It is the pm pose of this papei to piesent the methods employed to 
icplace the puliiioiiaiy aiteiv and its bifuication, with a pieliiiiiii uy lepoit ot 
the lesults Longtcim studies on the ultimate fate of these gi itts mil be 
Ill esented at a latei date ■* 

aiFlIIOD 

Adult mongiel dogs iicic iiicsthetiaed mth i ctei iiiai lan Nembutal oi 
I’entotlial Sodium admimsteied intiaicnously Tiacheal intubation Mas pei- 
foimed and the tlioiax Mas opened thiough a biliteial foiiith iiiteicostal space 
incision Mitli tianscctioii of the stciiium The lungs Meic ihythmieally' in¬ 
flated mth oxygen by means of i mediaiiieal icspiiatoi in tbe fiist feM 

troni tlie Henrv L and Lucy Moses Research Laboratories the Surgical and Medical 
DiMsions the ilonteOore Ho^ipitil New York CIt> 

This studj w vs aided bj a grant from the New Turk Heart Vssoclatlon 
Read at tl e Thirtj eightli Annual Meeting of thf» American Vssociatlon for Thoracic 
Surgeri at Boston Mass Maj 1C 18 19aS 

* ^ 
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experiments the aortic grafts were prepared 24 hours before operation and 
stored at -20° C. until used. The majoi-ity of the experiments were pei'formed 
employing fresh rather than preserved grafts. 

Various segments of the donor aorta were tried to obtain a satisfactory 
fit for the graft. These included the ascending aorta and brachiocephalic ves¬ 
sels, as well as the distal aortic bifurcation and iliac branches. The best-fit¬ 
ting graft was obtained from a relatively long, straight segment of the thoracic 
aorta. This was applied across the anterior surface of all the great vessels, 
employing an end-to-end anastomosis to each pulmonary artery. AVhen using 
the pump-oxygenator and elective cardiac arrest as an adjunct to the graft 
procedure, the end of the main pulmonaiy artery was anastomosed to the side 
of the graft. When not employing cardiac byj)ass, this anastomosis was done 
in side-to-side fashion. 

A. Method 1. Technique of Pulmonary Artery Replacement With the Use 
of the Extracorporeal Pump-Oxyyenator .— 

The main pulmonary artery and its major branches were completely 
PTobilized oixt to the origins of the first segmental arteries. The azygos vein 
was doubly ligated and divided to facilitate the dissection of the right pul¬ 
monary artery posterior to the superior vena cava. Tapes were placed about 
the venae cavae intrapericardially. The venae cavao and the femoral artery 
were eannulated preparatory to employing the piimp-oxygenator. Heparin 
Avas administered in the amount of 1 to 1.5 mg. per kilogram of body Aveight. 
Tavo to 3 mg. per kilogram of protamine sulfate Avas given intraA’-enouslj'- at 
the conclusion of the procedure. 

A Irabble oxygenator of the DcWall type Acas employed. The right main 
pulmonary artery Avas ligated at its origin and the distal segment AvithdraAvn 
from behind the superior vena cava. Aji end-to-end anastomosis Avas then 
performed betAveen the distal end of the pulmonary artery and one end of the 
graft. The suture material Avas 5-0 arterial silk Avith an atraumatic needle,’^ 
placed Avith a simple running stitch. During this phase of the operation, 
respiratory function Avas carried on by the unobstructed floAV to the left lung. 
After completion of the anastomosis, cardiopulmonary bypass Avas started and 
elective cardiac ari-est Avas accomplished Avith the Melrose technique. The 
supravalvular portion of the main pulmonary artery Avas then transected and 
an ellipse of tissue removed from the side of the graft at the site of election 
for the anastomosis. An end-to-side anastomosis was then performed. 

At this point, the use of the oxygenator may be terminated and the right 
lung perfused with blood going through the right limb of the graft. For con¬ 
venience the procedure Avas usually completed by performing the left anasto¬ 
mosis with bypass, and continued cardiac arrest. This results in only several 
minutes’ additional operating time Avith bypass Avhile the final phase of the 
procedure is completed (Fig. 1). 

•Supplied through the generosity of the Bthicon Suture Laboratories, Inc,, New Bruns¬ 
wick, N. J, 
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Fis. 1.—Diagrams of Method 1 for replacement of pulmonar>' artery. Cardiopulmonary bypass 
Is essential for steps G and D (see text). 
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experiments the aortic grafts were prepared 24 hours before operation and 
stored at —20° C. until used. The majority of the experiments were performed 
employing fresh rather than preserved gi'afts. 

Various segments of the donor aorta were tried to obtain a satisfactory 
fit for the graft. These included the ascending aoi'ta and brachiocephalic ves¬ 
sels, as well as the distal aortic bifurcation and iliac branches. The best-fit¬ 
ting graft was obtained from a relatively long, straight segment of the thoracic 
aorta. This was applied across the anterior surface of all the great vessels, 
employing an end-to-end anastomosis to each pulmonary artery. AVhen using 
the pump-oxygenator and elective cardiac arrest as an adjunct to the graft 
procedure, the end of the main pulmonary artery was anastomosed to the side 
of the graft. When not employing cardiac bypass, this anastomosis was done 
in sido-to-side fashion. 

A. Method 1. Technique of Pulmonary Artery Replacement With the Use 
of the Extracorporeal Pump-Oxyyenator .— 

The main pulmonary artery and its major branches were completely 
inobilized out to the origins of the first segmental arteries. The azygos vein 
was doubly ligated and divided to facilitate the dissection of the right pul¬ 
monary artery posterior to the superior vena cava. Tapes were placed about 
the venae eavae intraperieardially. The venae cavae and the femoral artery 
were eannulated preparatory to employing the pump-oxygenator. Hepai’in 
was administered in the amount of 1 to 1.5 mg. ])er kilogram of body weight. 
Two to 3 mg. per kilogram of protamine sulfate was given intravenously at 
the conclusion of the procedure. 

A bubble oxygenator of the DeWall type was employed. The right main 
pulmonary artery was ligated at its origin and the distal segment withdrawn 
from behind the superior vena cava. An end-to-end anastomosis was then 
performed between the distal end of the pulmonary artery and one end of the 
graft. The suture material was 5-0 arterial silk with an atraumatic needle,* 
placed with a simple running stitch. During this phase of the operation, 
respiratory function was carried on by the unobstructed flow to the left lung. 
After completion of the anastomosis, cardiopulmonary bypass was started and 
elective cardiac arrc.st was accomplished with the Melrose technicpie. The 
supravalvular portion of the main pulmonary arteiy was then transected and 
an ellipse of tissue removed from the side of the graft at the .site of election 
for the anastomosis. An end-to-side anastomosis was then performed. 

At this point, the use of the oxygenator may be terminated and the right 
lung perfused with blood going thi'ough the right limb of the graft. For con¬ 
venience the procedure was usually completed by performing the left anasto¬ 
mosis with bypass, and continued cardiac arrest. This results in only several 
minutes’ additional operating time Avith bypass while the final phase of the 
procedure is completed (Fig. 1). 

•Suppliea through the generosity of the Ethicon Suture Laboratories, Inc,, New Bruns¬ 
wick, N^. jr, 
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FIs’ 1—Djasrams of Method 1 for replacement of pulmonary artery Cardlopulmonar> bypass 
is essential for steps 0 and D (sec text) 
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Results: Seven experiments of this type were performed. There were no 
long-term survivors. Two of the experiments were conducted early in our 
experience with this experiment, as well as early in our experience with the 
pump-oxygenator. The last 5 experiments were performed recently, after con¬ 
siderably more experience with the placement of the grafts and more experi¬ 
ence with the use of the oxygenator. 

The last 5 animals all resumed a normal sinus rhythm at the conclusion 
of the operations, but all died -within 12 hours. Hemorrhage was the cause of 
death in all eases. This complication has not otherwise been a feature either 
of our experimental or clinical experiences with the pump-oxygenator. One 
dog had a dilatation of the right ventricle upon completion of the experiment, 
indicating some olistruetion in the outflow of the right ventricle, but this 
occurred in our longest survivor, 

B. jMetiiod 2. Pulmonary Artery Replacement Without the Pump- 
Oxygenator .— 

Only as much of the anterior wall of the main pulmonaiy artery as neces¬ 
sary for the placement of a nontraumatic partial occlusion clamp was cleared 
of fat and visceral pericardium. The right and left main pulmonary arteries 
were then mobilized from their origins to the first segmental branches. The 
azygos vein was doubly ligated and divided. An ellipse was removed from the 
wall of the aortic graft and an anastomosis performed between the graft and 
the excluded segment of the anterior wall of the main pulmonary artery. The 
lungs are normally perfused during this portion of the procedure. The right 
main pulmonary artery was then ligated at its origin, divided, and the distal 
end removed from behind the superior vena cava. End-to-end anastomosis was 
performed with the right limb of the graft. While this was being done, the 
left lung was normally perfused. Upon completion of the right anastomosis, 
the left limb of the graft was occluded, and the right lung was perfused 
through the graft. The left pulmonary artery Avas then ligated at its origin 
and its distal end anastomosed to the graft (Fig. 2). 

Results: Twenty-five experiments Avere performed in this group, Avith 6 
deaths on the operating table. Of the 19 surviving animals, there Avere Id Avho 
lived 4 Aveelis or more. Tavo dogs are noAv 15-month survivors Avith bilateral re¬ 
placement of the pulmonary arteries. IModificatiou of the experiment Avas neces¬ 
sary in 6 cases because of small size of the graft or poor condition of the animal. 
In these 6 instances, only one pulmonary artery Avas replaced Avith a graft to the 
main pulmonary artery. In the latter group there Avere 4 surviAmrs of 4 Aveeks 
or more. 

A total of 6 animals died on the operating table of the folloAving causes: 
(1) malfunction of the endotracheal tube, (2) hemorrhage, (3) short inadeciuate 
sized graft, (4) acute dilatation of the heart and cardiac arrest, (5) immediate 
thrombosis and occlusion of the graft, and (6) ventricular fibrillation. 

There Avas an opportunity to examine 7 grafts that had been in situ foi 
4 Aveeks or more. There Avas minor thrombosis in one of the grafts and in one 
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pig. o_Dncr'iins of McthoJ Cor rtpl icement of pulinonarj Trl(r>'' Cardiopulmonary bjpiss 

is not tniplojcd (sie text) 




558 


ROBINSON, GLOTZBE, GILBERT, IIURWITT 


.UTlioracIc Surs. 
October, 1958 


Res^ilts: Seven experiments of this type were performed. There were no 
long-term survivors. Two of the experiments were conducted early in oin- 
experience with this experiment, as well as early in our experience with the 
pump-oxygenator. The last 5 experiments Avere performed recently, after con¬ 
siderably more experience with the placement of the grafts and more experi¬ 
ence with the use of the oxygenator. 

The last 5 animals all resumed a normal sinus rhythm at the conclusion 
of the operations, but all died within 12 hours. Hemorrhage was the cause of 
death in all cases. This complication has not otherwise been a feature either 
of our experimental or clinical experiences with the pump-oxygenator. One 
dog had a dilatation of the right ventricle upon completion of the experiment, 
indicating some obstruction in the outflow of the right ventricle, but this 
occurred in our longest survivor. 

B. Method 2. Puhnonary Artery Replacement Without the Pump- 
Oxygenator .— 

Only as much of the anterior wall of the main pulmonary artery as neces¬ 
sary for the placement of a nontraumatic ])artial occlusion clamp was cleared 
of fat and visceral pericardium. The right and left main pulmonary arteries 
were then mobilized from their origins to the first segmental branches. The 
azygos Amin Avas doubly ligated and divided. An ellipse Avas removed from the 
Avail of the aortic graft and an anastomosis performed betAveen the graft and 
the excluded segment of the anterior Avail of the main pulmonary artery. The 
lungs are normally perfused during this portion of the procedure. The right 
main pulmonary artery Avas then ligated at its origin, divided, and the distal 
end removed from behind the superior vena cava. End-to-end anastomosis Avas 
performed Avith the right limb of the graft. AVhile this Avas being done, the 
left lung Avas normally perfused. Upon completion of the right anastomosis, 
the left limb of the graft Avas occluded, and the i-ight lung Avas perfused 
through the graft. The left pulmonary artery was then ligated at its origin 
and its distal end anastomosed to the graft (Fig. 2). 

Results: TAventy-five experiments Avere performed in this group, Avith 6 
deaths on the operating table. Of the 19 surviving animals, there Avere 14 Avho 
lived 4 Aveeks or more. Tavo dogs are uoav 15-month survivors Avith bilateral re¬ 
placement of the pulmonary arteries, hlodification of the experiment Avas neces¬ 
sary in 6 cases because of small size of the graft or poor condition of the aniinal. 
In these 6 instances, only one pulmonary artery Avas replaced Avith a graft to the 
main pulmonary artery. In the latter group there were 4 survivors of 4 weeks 
or more. 

A total of 6 animals died on the operating table of the folloAving causes: 
(1) malfunction of the endotracheal tube, (2) hemorrhage, (3) short inadequate 
sized graft, (4) acute dilatation of the heart and cardiac arrest, (5) immediate 
thrombosis and occlusion of the graft, and (6) ventricular fibrillation. 

There Avas an opportunity to examine 7 grafts that had been in situ for 
4 Aveeks or more. There Avas minor thrombosis in one of the grafts and in one 
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there was degeneration of the graft with associated hemorrhage. Both of these 
eases were associated witli infection. Causes for death conld not be ascertained 
in 2 cases and in these the grafts appeared to be normal and healthy. 

Three dogs died after diagnostic procedures such as cardiac catheterization 
and angiocardiography, at 70, 133, and 150 days. The cardiac catheterization 
performed on the 70-day survivor revealed no hypertension in the right heart, 
and no gradient in pressure between the right ventricle and pulmonary arteries 
distal to the bilateral graft. Examination of this specimen showed irregular 
rigidity of the graft with gross evidence of early calcification of the wall. Theie 
was no ulceration of the graft, which was smoothly lined with endothelium except 
for one small area in the right limb of the graft, where there was a loosely at¬ 
tached ante-mortem thrombus. The three anastomoses were smooth and patent 


•i. 




> 





I 


4 







-1 



t;.!™ q _\neiocardiograiii 5 months postopeiatuoU, in v\nteiopostenor and left lateral 

projecUons.'shb\\ing patent graft, residual pouch ot mam pulmonary artery, and normal pul¬ 
monary TOscuiature (Method 2) 
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'tty calcification with- 
l and patent. The 
' t function of the 



Volume 36 
Number 4 


AORTIC HOMOGR VFT REPLACEMENT 


561 


giaft (Pig 3) Tiiiee daj's latei the animal died of pneiiiuoina Post moitern 
examination leiealed exteiisne ealeifieation ot the giaft and uleeiation ot tlie 
intinia, up to the sutuie lines The giaft was completely iigid and bioLe iiiidei 
piessuie like an egg shell The lieait was noiiiial in appeal anee and the supia 
valvulal segment and blind pouch of the main piihiioiiaiy aiteij' iieie fiee ot 
thioiiibi Othei dogs aie being mamtaincd foi long-term observations 

Jlicioseopie examination was made of 6 grafts, in place foi 4, 5, 22, 31 133 
and 150 dajs, lespectiveh- Detailed studies of these and of the giafts still fiinc 
tioning will be leported subsequently* In the 2 giafts in place foi ovei 4 
iiiontlis, theie weie extensive degenciativc changes in the media, including actual 
calcification The eellulai aichiteetiue ot the giatts was completelj leplaced 
bv fibioiis tissue, with oigaiiized imiial tliiombiis ot vaniiig thickness coveted 
b\ a lav ei of endothelial cells 

Discnssiox 

The feasibilitv of replacing the ptilmonaiv aiteiv has been denionstiated bv 
these expelinients, the piiiicipal pioblem now is the selection ot an appiopiiate 
iiiateiial Obseivations made on tliice aoitic homogiatts in place foi 70, 133 
and 150 davs showed gioss and microscopic evidence ot degeneiation It should 
be pointed out that none of these dogs died as a lesult ot the giatts hovvevoi, 
in each instance, a diagnostic pioctdmc such as caidiac catlieteiiration, angio 
caidiogiaphv, oi both, preceded death in what otlieivvise appealed to bo healthv 
postopeiative annuals Puithci obseivation will bo necessary to deteimino con 
chisivelv the suitability of aoitie homogiafts toi long teim leplacement of pul 
inonarj aiteiies The pieliminaiv obsenatioiis stionglv suggest that aoitie 
homogiafts aie as unsatistactoij hcie as they aie in othci low piessuio (venous) 
svsteiiis Ssnthetie piostheses of woven fabiic aie now being tiied undei the 
same expeimieiital conditions 

Expeiieiice with the pump oxvgcnatoi was discouiaging fioni the vlevvpoint 
ot survival This technique would be neccssaiv oiilv in clinical situations wheie 
the iniinediate supiavalvulai poitioii of the pulnionaij aiteiTwas unsuited foi 
placement of a side to side anastomosis In the studv of the pathologic featiiies 
of chioiiie thionibosis of the pulnioiiaiv aitciv all but one ease lepoited had a 
supiavalvulai zone free of thiombus,’ and piesuniahlv there was a satisfactoiv 
fiee length foi placement of the giaft 

The clinical situations foi which puliiioiiaiv aiteiv leplacement iiiav have 
application include (1) eluoiiic thionibosis of the pulnioiiai 3 aiteiv, (2) co 
aictation of the pulnionaiv aitciv, (3) aticsia of the puliuouaiv aiteiv, (4) 
aiieuivsms of the piilmonaiv aiteiv, (5) tiimois involving the puhiionaij aiterv, 
and (6) trauma to the pulmonaiv aiteiv 

SUVIVI VRX 

1 Two techniques foi leplacement of the niain inilmonaij aiteiv and its 
bifuication aie piesentcd The tiist method einplovs the cxtiacoipoieal pump 
oxjgenatoi and peiniits the supiavalviilar poition ot the n iini'- -iv 
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to be anastomosed to the graft in end-to-side fashion. The second technique 
obviates the need for cardiopidiuonary bypass by fashioning the proximal anas¬ 
tomosis in side-to-side fashion. 

2. Examination of seven aortic homografts after relatively short periods 
in situ revealed patent grafts in all instances. These showed progressive states 
of degeneration and tentatively indicate that aortic homografts are unsuited 
for placement in the pubnonary artery of the dog. 

3. Some of the clinical applications for pulmonaiy artery replacement are 
enumerated. 

4. Further stud}’’ of the problem is in progress employing other grafting 
materials. 

We are grateful to Mr. Rutliveu Eerreira and Mr. Alphonso Henr^^ for invaluable 
teclinical assistance throughout this investigation. 
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EXPERIMENTAL RESULTS WITH A PROSTHETIC AORTIC VALVE 


Benson B Roe, Al D, John W Owsley, AI D (by invitation), and 
Petei C Bond out es, AID ( by invitation) San Ft ancisco, Calif 

T Ht IRKE\ EnsiiiL\ deitiuctue iiatiiie of ceitaiu Upes of acquiied ^ahul<u 
heart disease piecludes the lestoiatioii of satistaetoiy function hy oidi 
iiaiy suigieal iiiaiieiiieis Rescttioii ot the abiioimal aiiatonue \alvc and 
substituting 111 its place a suitable piosthctie deiicc is the appaieiit solution 
to the pioblems of aoitu and initial leguigitation and takific aoitie stenosis 
Such a piostliesis must tomph lutli ceitam specifications it it is to be 
acceptable foi use iii human patients To be eftectne, a sahe should be 
nieohanically efficient, pioiiding minimal lesistance to foiuaid fiow and 
cffeotiio pievention of leguigitant How, pieforablj uithoiit ciushing action 
It should be designed to affoid safe and icliable fixation but so as not to im 
pede the function ot othei vahes, not to occlude the coionniy ostia not 
to distuib 1101 inal fluid djnamics The ial\c should be composed of a ma 
tonal that is nontoxic noncaicmogenit and which pucludes the ciosion of 
tissues and supeificial clotting In addition, the matciial should be able to 
maintain its tensile stiength mdefiiiitch Mithiii tin lilood stieam 

Foul yeais of laboiaton and engmeetmg expeinnce with laiious designs 
and matnials base led to the diielopmeiit of a successful method of inoduc 
tioii and implantation of a meehanicall} satisfactoiy salve uliieh seems to 
satisfy most of the lequiiemcnts outlined The disigii of the \ahc, the chai 
acteiistics of the mateiial non in use, and the method of manufactuic h.ne 
been desciibed elseulKU (Fig 1)' 

The piostlusis is made of a monomohculai silicone and is cast iiiidci 
piessuie 111 a piecision die The tliiee cone shaped, thin, flexible cusps of 
the valve letiaet leadilj and pioduci minimal icsislaiice to ssstolie lion (fi 
to 10 mm Hg) The valve is totallj coiiipeteiit in the closed position and 
lesists static piessiiies of moic than 500 mm llg bcfoie tcMiing and pin 
lapsing The action ot the vahe has been studied in a pulse duplicatoi undu 
wide laiigts of flow and back picssiiie to mitj its competence and the le- 
tiaetion of its cusps Theie appeals to bo little tuibulence, eithei at the 

iToni the Surgical Research Laboritorica of the Unl\er8it> of CillfonilT. Scliool of Aredi 
cine, bin Francisco Calif 

Suppoitcd bj the Christine Breon Fund foi Aledical Rest irch and tin, San I*i me r i 
Sicranicnto Heart Vssociitions a, ^ 

Reid at the Thirtj ciglith \nnual Meeting of The aVniuncan \ 
burgerj at Boston Mass 3Iaj 19sS 
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to be anastomosed to the graft in end-to-side fashion. The second technique 
obviates the need for cardiopulmonary bypass by fashioning the pro.ximal anas¬ 
tomosis in side-to-side fashion. 

2. Examination of seven aortic homografts after relatively short periods 
in situ revealed patent grafts in all instances. These showed progressive states 
of degeneration and tentatively indicate that aortic homografts are unsuited 
for placement in the pubnonary artery of the dog. 

3. Some of the clinical applications for pulmonary artery replacement are 
enumerated. 

4. Further studj’’ of the problem is in progress employing other grafting 
materials. 

We are grateful to Mr. Euthven Ferreira and Mr. Alphonso Henry for invaluable 
technical assistance throughout this investigation. 
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edges of the ijrosthesis or behind, the valvular cusps, although the animals 
in whom the earlier models were used developed thrombi behind the leading 
edge of the prosthesis, presumably from intermittent eddy flow (Fig. 2). 
Later models have more rigid and tightly fitting cuds with flanges to act as 
gaskets (Fig. 3). Fixation by suture tlii-ough the aortic wall into the ring 
of the prosthesis has been satisfactory, although in two earlier defective 
valves the sutures tore out and the valves migrated. 





Fig' 4.—TechniQue for insertion of prosthetic flexible aortic \al\e. .-I, Insertion of 
folded prosthesis through distal aortotomy Intercostal branches are occluded ulth dura 
clips 

B, Pioxinial clamp is released as prosthesis is extruded upward; bleeding is controlled 
by thumb pressure. The clamp is leapplied and aoitotomy Is sutured 

U, Prosthesis is puslied across the aortic aich. Finger pressute at braciiiocepli.’ilic Uike- 
off starts downward course at leading edge. 

D, Valve In proper position is sutured through the aortic wall into the flxation ring. 

When properly cast and flamed, the silicone material has a smooth, non- 
wettahle surface which eifeetively prevents clotting. No thrombi have been 
found in the valvular cusps or inner .surface.^ of pro.stheses that Iiave lieeu 
in place fur periods up to 1 year. The flexibility and strength of these valves 
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Eig. 1—Successne models of cast, flexible valve prostheaes At the left of the front row 
are shown m first two models, made of compressed Ivalon. The other three models m the 
front row are made from polyvinyl chloride In the back row are silicone valves; the changes 
m the cusp contour and end design were made to obtain improved flttmg and prevent the 
formation of clots 







Fig. 2.—^The diagram demonstiates an earlier model Mith tapeied ends Clot formation occurs 
outside the prosthesis and propagates into the stream through the valve 



Fig 3.—Three view s 


of a curient model val\e. The flanged ends act as gaskets to prevent 
currents between the prosthesis and aortic wall 
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The surgical results of implantation of this prosthesis in the experimental 
animal are more encouraging than the mortality rate would indicate (Table 
I). Technical problems were worked out in a previous series of 40 dogs 
with Ivaion and polyvinyl valves. Operative deaths frequently occurred in 
the current series beeauso of problems arising from improper fitting. Until 
now only one size of valve has been available and it is not possible to select 
accurately animals with de.sirablc sized aortas; in the interests of time and 
to gain experience wo inserted many valves which were manifestly too large 
or too small. "Wliile tlio hazards with a properly sized valve are less than 
those with an ill-fitting valve, they arc nevertheless similar in kind. Experi¬ 
ence with this handicap resulted in reducing and correcting such disastrous 
mishaps as turning or inverting the pro.sthesis in transit across the aortic 
arch, tearing the delicate proximal aorta while placing the anchoring sutures, 
losing the prosthesis in the ventricle, and incorrectly placing the prosthesis 
so that it occluded the eoronaiy ostia. Eai’ly postoperative deaths we;e 



Kig' b—The human .iscemHnp aorta, (left) Is longer lelutive to its dlaineter than that of tht 
dog (iiffht). Note tliat tbo distal end of the \alvc in the 'log extends into the arcli. 


TzVULk I. Total Explkience AVmi Siucoxe Aoltiu Vaia'ls 


Operate e Dcntlis 


19 

Internal version* 

7 


M.i]po*iition* 

5 


Hemorrhage* 

0 


Poor fit* 

n 


Brief Surtnors (210 Dajs) 


Hi 

iremonhage* (inchuling 2 with ilislocution 

1 


of prostliesis) 

t.mp\ enia 

3 


Embolism 

0 


Miscellaneous unrelatefl 

4 


Long Term Survivors (14 Da>s 6 ^lontlis) 


9 

Tliromboombolism 

1 


Hemorrhage 

1 


Empjema 

1 


Unrelated 

3 


Living (3-12 Months) 


7 

(2 sacrificed at S mo.) 

Total 


51 


'in-ntting- vahes. 
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seem to be unaltered after implantation; however, one imperfect model, 
after being in a dog for 8 months, Avas subjected to stress on the pulse dupli¬ 
cator for 780 hours at 150 beats per minute with diastolic gradients exceeding 
300 mm. Hg, after Avhieh a defect developed in the center of a cusp. The 
newer model valves are more perfectly molded and their material strength 
has been increased. 

Since the hygroscopic property of the material may be an index of its 
loss of elasticity and fatigue, the prosthetic valves were Aveighed to determine 
the extent of Avater uptake. Valves implanted for periods of 3 Aveeks to 3Y_> 
months shoAved a gain in Aveight of 0.4 per cent to 1.9 per cent. These levels 
are considered to be safely below the critical absorption level of 3 per eent.- 

No information is yet available on the carcinogenic properties of silicone 
compounds, but Bering and co-Avorkers^- * have pointed out this danger Avith 
Amrious plastic compounds and such a potential hazard must be kept in mind. 



Fig-. 0 .—Failure to direct the leading edge causes valve to catch in the brachiocephalic ori¬ 
fice. Further descent takes place in the transverse jiosition. 

The previously described teelmique’ of placing the AmBm in the ascend¬ 
ing aorta aboAm the coronary ostia has been simplified to avoid inserting a loop 
of heavy suture through the proximal aortic Avail. The folded prosthesis is 
inserted into the occluded descending thoracic aorta and is manually pushed 
in a retrograde direction over the aortic arch and doAvmvard into the ascend¬ 
ing aorta; here it unfolds and the palpable valvular action begins (Fig. 4), 
By use of posterior pressure the finger places the leading edge of the valve 
above the coronary ostia and the distal edge proximal to the curvature of the 
arch (Fig. 5). 

In order that correct alignment be maintained, the axial length of the 
prosthetic cylinder shmdd be greater than its diameter. This length pre¬ 
sents a problem in the dog, Avhose ascending aorta is usually less than tAvo 
diameters long. Occasionally there is not sufficient distance beloAv the curva¬ 
ture of the arch and aboA'e the coronary A'^essels to contain the prosthetic 
cylinder. The human ascending aorta, hoAvcA'^er, appears to be relatively 
longer A\ffiich should make the accui'aey of placement less critical (Fig. 6). 
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The surgical results of implantation of tliis prosthesis in the experimental 
animal are more encouraging than the mortality rate would indicate (Table 
I). Technical problems were worked out in a previous series of JO dogs 
with Ivalon and polyvinyl valves. Operative deaths frequently oecurred in 
the current series because of problems arising from improper fitting. Until 
now only oiie size of valve has been available and it is not possible to select 
accurately animals with desirable sized aortas; in the interests of time and 
to gain experience we inserted many valves which wore manifestlj* too large 
or too small. AVliile the hazards with a pi'operly sized valve are less than 
those with an ill-fitting valve, they are nevertheless similar in kind. Experi¬ 
ence with this handicap resulted in reducing and correcting such disastrous 
nii.shaps as turning or inverting the prosthe.sis in transit aero.ss the aortic 
arch, tearing the delicate proximal aorta while placing the anchoring sutures, 
losing the prosthesis in the ventricle, and incorrectly placing the prosthesis 
so that it occluded the coronary ostia. Early postoperative deaths were 



Fly G—The huinan ^bccntiiny .lorta (Ic/t) is longer relative to Its dlanieter than that of the 
dog (tigfit)- Note that the distal end of the valve in the tlog extends into thtj arch. 


Table I. Total Experience With Siucone Aortic Valves 


Operative Deaths 


11) 

Interiuil version* 

7 


Malposition* 

0 


Hemorrhage* 

5 


Poor fit* 

2 


Biief Survivors (- 10 DaAs) 


1(1 

Keniorrluige* (includiiig li with Oislocatioti 

4 


of prostliesis) 

Lmi>^ema 

3 


Embolism 

5 


Miscellaneous unrelated 

4 


Long-Term Survivors (14 Days-6 Monllis) 


0 

Thromboembolism 

1 


Hemorrhage 

1 


Enipyema 

1 


Unrelated 

3 


Living (3*12 Months) 


7 

(2 sacrificed at 8 mo.) 

Total 


51 


•Ill-ntting valves. 
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caused by bemoiThage, formation of clots around the valve, or partial ob¬ 
struction of the coronary arteries. Of significance, however, is the imme¬ 
diate survival of 30 dogs, which indicates the physiologic tolerance to a com¬ 
petent valve distal to the coronary arteries, and the longer survival of 15 
dogs. 


VaSTfBULE BETWEEN VALVES 



A. 



Fig 7— A, Dog. No 234. Pressuie curves after implantation of prosthetic valve, 
anatomic valve intact. Upper curve is from ascending aorta proximal to the piosthesis (note 
diffeient zero levels). The similarity to the left ventiicular curve (lower) suggests that the 
anatomic valve is not closing and coronary arteries must be filling m systole. 

B, Dog. No. 26 Left ventiicle and aorta between v’alves Diastolic pressure above 
anatomic v'alv^e indicates competence of this v'alue and piobable diastolic filling of coronary 
arteries In the light portion of the pressuie curve the aorta between valves and aortic arch 
distal to the prosthesis is shown Note the systolic gradient across the prosthesis and 
diastolic gradient indicating competence. 


The clinical possibilities of this device thus appear to be promising inas¬ 
much as it is well tolerated, remains flexible and functioning, and prevents 
surface clotting. Its physiologic value in a position distal to the coronary 
arteries remains unsettled, however, since our results have been obtained 
with the anatomic valve intact about 1.5 cm. proximal to the prosthesis 
Study of the left ventricular outflow tract reveals that its configuration and 
its proximity to the mitral valve olfers significant problems of positioning 
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and fixation which we did not wish to introduce in the prcliininary evaluation 
of the device and modifications of the valve arc being made for subcoronary 
placement with bypass techniques. 

The possibility that coronary artery filling would take place during 
systole and would be sufficient to sustain myocaidial function is worthy of 
further consideration. If a prosthetic valve is tolerated in the ascending 
aorta its placement would be eon.siderably safer and simpler. 



t'lir 7 (ContiD—O. PiesiUre curves in pune duplicator above and below prosUietic valve. 

Diastolic gradient is 13S mm and systolic gradient is 10 mm 

Pressure studios done after introduction of our prostbi'sis indicate that 
the small space proximal to the new valve and distal to the anatomic valve 
does maintain a small diastolic pre.ssnre (Fig. I) which may ho sulfieient to 
maintain coronary flow. Attempts at transventricular avulsion of the ana¬ 
tomic cusps at the time of implantation of the piosthcsis uniformly led to 
irreversible ventricular fibrillation. In 2 dogs, avulsion of the anatomic 
cusps was carried out several mouths after implantation; 1 dog survived for 
24 hours and another for 4 day.s, each ajipaiontly dying fiom embolic phe¬ 
nomena arising underneath the prosthesis. 

SUMMAKV 

A flexible tricuspid prosthetic valve ha.s been developed and implanted 
ill the ascending aorta of a series of laboratory animals. This device has 
low resistance, is totally competent, and is made of silicone rubber which 
appears to have properties of clot prevention and which maintains its elas¬ 
ticity in the blood stream. This valve ha.s been implanted in the ascending 
aorta, above the functioning anatomic valve, wliere it apjiears to he physio¬ 
logically tolerated and hcmodynamieaUy effective. 
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POSTMORTEM STUDY OF THE TECHNIQUE OF AORTIC 
VALVULOTOMY IN CALCIFIC AORTIC STENOSIS BY 
QUANTITATIVE EXAMINATION OF VALVULAR 
FUNCTION BY PERFUSION 

Get aid Austen, AID (b) invitation) Robeit S Shaw, AID, J Got don 
Scaiinell, yll D, and W Al Thinlbeck /\I D (b) invitation), Boston, Alass 

T he first attempt to coiieet aoitic stenosis by opoiatioii is ciejitetl to 
Tufflei' ivlio, Ill 1913, eiicleaioied to dilate an aoitic valve blindly tliiough 
the aoitie ivall In 191C, Smithy" and Ins associates loported their e\peii 
mental woik in dogs involving both ti.insicntiicnlai and tiansaoitic incision 
of the aoitic valve By 1950, Bailey was leady to lecommend a tiansien 
tiieular closed appioaclP in patients, and latoi a tiansaoitic appioaoh * 
Bioolc' and otliois'’ hate lepoitcd similai e\peiience Jloie leoenth, open 
opeiation with valvulotomy imdci diiect vision has been adioeated, using 
hypotheimia’ and caidiao bypass® Objective evaluation of the degiee of 
impiovemeiit accomplished by these icpoited piocoduies is laiely available 
High opeiative iiioitality, embolic phenomena, inconsistent leliof of stenosis, 
and the production of significant degiee of aoitie uguigitntion hate all been 
eiioouiitei ed 

Against this baelcgiound, the following stiidj of postmoitem spc-cimeiis 
was undeitaken to deteiminc, by objective measuiemcnti,, nhethei significant 
impiovement in valvulai function could indeed be aceomphshed bj surgeii 
in acquiied calcific aoitic stenosis, and paiticulaily to deteimiiie uhetliei 
stenosis could be lelieied adequately iiithout the pioduction of majoi degiees 
of aoitie leguigitation 

M ITERIIL A\D METHODS 

Quantitative techniques of evaluating valvulai function in the he.ut 
at autopsy by peifusion have been deseiibed in a pieiious publication “ The 
appaiatus used is slioiin lu Fig 1 This appaiatus allows the peifusion of 
a valve in either dncetion at a callable late of Hou and piovides measure 
ment of the piessuie giadicnt aeioss the cmlce, the latc of floev, and the tem- 
peiatuie of the peifusate Steady lathei than pulsatile flow is used because 

Thts work wi*? performe 1 un Icj US Public Healtb Giant No lI*b3l(CS) witJi additional 
support from llagsachusetts Heart VssocIUlon Gi'itit Iso 7G1 S65C 3 

Read at the Thlrtj eii,hth \iinual Mtetlnir of TIio \nierlc in Vssod ttion for Thoracli. 
Surgeis at Boston Mis'! "M n IT 18 19a8 
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coil elates the degioe o£ stenosis <is uidicated by the slope of the cuiie ob¬ 
tained on postmoiteni poifusion with the ante moitein elmical seieiity of the 
aoitie stenosis 

To study doitio leguigitation the flow was leieised and the valve pei- 
fusod fioni aoita to left lentiiele A iioimal aoitio valve closes piomptly 
and alloiis no flow ivith piessuies up to seveial bundled centimeters of water, 
giving a \eitieal euive of infinite slope The inoie leguigitant the vahe, 

FLOW PRESSURE CURVE NO STENOSIS 



FLOW PRESSURE CURVE STENOSIS 



Fiff 3—Summary of for^aid flow pressure curves correlating the degree of stenosis 
as Indicated by the slope of the cur\e obtained on postmortem perfusion ulth the ante mortem 
clinical severity of the aortic regurgitation 

the greater the flow thiougli the valve, and the less the picssuie diffeiences 
across the valve at any paitieular rate of flow. Fig 4 slions the range of 
slopes for normal, slight, model ate, and sciere clinical degrees of aortic 
reguigitation The areas labeled “noinial” and “slight” m Figs 3 and 4 
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the resulting data are interpreted more easily in hydraulic terras. Unpub¬ 
lished work at this laboratory has shown that, in the pressure flow relation¬ 
ship through a stenotic valve, there is no significant difference between blood 
and water used as the perfusate. In this study, therefore, water was used 
to perfuse the valves. 

The degree of aortic stenosis was determined by perfusing the aortic 
valve from left ventricle to aorta, and plotting the observed pressure drop 
across the valve against the rate of flow. AYhile the theoretical curve thus 
obtained would describe an exponential function, for the purpose of this 
experiment it was assumed to be linear and the slope of the curve obtained 



jr,g. 1.—Perfusion apparatus. 


by dranung the most appropriate straight line through several observed 
points. Fig. 2 shows a typical plot of the pressure flow relationship in a noi- 
mal aortic valve. The more stenotic the valve, the greater the pressure drop 
across the valve at any particular flow and the greater the slope of the cuive 
obtained. Fig. 3 summarizes unpublished observations at this laboratory and 
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correlates the degree of stenosis as indicated bj' the slope of the oiu-ve ob¬ 
tained on postmortem perfusion with the ante mortem clinical severity of the 
aoi'tic stenosis. 

To study aortic regurgitation the flow was reversed and the valve per¬ 
fused from aoita to left ventricle. A normal aortic valve closes promptly 
and allows no flow with pressures up to several hundred centimeters of water, 
giving a vertical curve of infinite .slope. The more regurgitant the valve, 


FtO'W-PRESmHE CURVE NO STENOS\C 



Fig. 3 —Plow-Pressure relationship for forward flow in a normal aortic \oitc. 


FLOW-PRESSURE CURVE STENOSIS 



..a t., dow-presswre cunes corryJatiag the degree of .stenosis 

Hintn -1 r »i If me-curre obtained on postniortem perfusion with the ante mortem 

ciimcai severity of the aortic reffurpltation. 


the greater the flow througli the valve, and the less the pressui'e differenewi 
across the valve at any particular rate of flow. Fig. 4 shows the range of 
slopes for normal, sligiit, moderate, and severe eiiuieal degrees of aortb' 
regurgitation. The areas I,aheled “nonnal” cmd -sldFar" ' 3 y 
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the resulting data are interpreted more easily in hydraulic terms. Unpub¬ 
lished work at this laboratory has shown that, in the pressure flow relation¬ 
ship through a stenotic valve, there is no significant difference between blood 
and water used as the perfusate. In this study, therefore, water was used 
to perfuse the vaUes. 

The degree of aortic stenosis was determined by perfusing the aortic 
valve from left ventricle to aorta, and plotting the observed pressure drop 
across the valve against the rate of flow. While the theoretical curve thus 
obtained would describe an exponential function, for the purpose of this 
experiment it was assumed to be linear and the slope of the curve obtained 



Fig. 1.—^Perfusion apparatus. 


by drawing the most appropriate straight line through several observed 
points. Fig. 2 shows a typical plot of the pressure flow relationship in a noi- 
mal aortic valve. The more stenotic the valve, the greater the pressure drop 
across the valve at any particular flow and the greater the slope of the ciuve 
obtained. Fig. 3 summarizes unpublished observations at this laboratoiy and 
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tile valves were not separated exactly along their line of fusion, and severe 
regurgitation and embolization resulted. This accident was avoided with 
further experience. Wo found that familiarity with the gross pathology 
allowed an accurate commissurotomy to be performed in even the most im- 
pos.sible looking valve 


FLOW PRESSURE CURVE STENOSIS 

Valvulotomy by closed meltiod 



FIOw_t.>l«rs Tnoote 

S—FIo\v-piess,uio cui\e3 for valvulotomy bv the closet) metliod, which shou stenosis 
incompletely relieved in 4 (A, C. F. and J) out of 10 cases 


FLOW PRESSURE CURVE REGURGITATION 

Closed method 



Flow — He« per <n n«ie 

Flif 6—Flovv-picsssure curves for valvulotomy bv the closed method which show the lesuUant 
sesere regurgitation In ? (A, I>, E, G, and I) of 10 cases 

In order to attain an accurate commissurotomy, identification of the line 
of fusion of the eusps was necessarj', and this was not ea.sy in the deformed 
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represent perfusion data of eases clinically asymptomatic during life; in the 
charts the ■valvular function that these areas represent is referred to as 
“acceptable.” 

"With these background data available, hearts from 36 patients who died 
with aortic stenosis were studied, and then restudied after the performance 
of various reconstructive procedures. 


FLOW PRESSURE CURVE REGURGITATION 



Pig. 4.—Summary of retrograde now-pressure curves correlating the degree of lesur- 
gitation^as indicated by the slope of the curve obtained on postmortem perfusion with the 
ante mortem clinical severity of the aortic regurgitation. 


EESULTS 

“Closed” Commissurotomy .— 

In an initial 10 cases, valvuloplasty was attempted by blind instrumenta¬ 
tion through the aorta. An effort was made to follow reported techniques of 
closed aortic valvuloplasty, including the use of mechanical dilators. One of 
the 10 cases was of a bicuspid valve which was not recognized and was blindly 
cut as if it were a tricuspid valve. As shown in Fig. 5, stenosis was adequately 
relieved in 6 cases and incompletely relieved in 4. The regurgitation data are 
shown in Pig. 6. Severe regurgitation resulted in four of the nine tricuspid 
valves, including one of three valves instrumented with the Bailey dilator, 
and in the one bicuspid valve. The remaining five valves showed essentially 
no chancre in regurgitation. These results were consistent with the anatomic 
findings after instrumentation, which showed frequent injury of valve leaflets 
and incomplete separation of their adherence. Release of gross calcific emboli 
into the perfusion system was observed in 4 of these 10 cases. 

“Open” Coynonissurotomy .— 

In the remaining 26 specimens the valve was approached under direct 
vision through an incision in the aorta. In three of the early expeiimen s 
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the lahes weie not sepal ated exactly along then line of fusion, and seieie 
legiugitation and embolization lesiilted This accident was aioided with 
fmther expeiience We found that familiaiity with the gioss pathology 
alloMed an aocuiate comiiiissiuotoin} to be peifoinied iii eien the most im 
possible looking lahc 


FLOW PRESSURE CURVE STENOSIS 

Valvulotomy by closed melbod 



F ow — L 0«r P ni»te 

jjg 5 —Flou pre«»iiro curves for vaJvuJotomy by tbe cJoscil wietboil which show stenosis 
incompletely relieved m 4 ( \ CP and J) out of 10 cases 


FLOW PRESSURE CURVE REGURGITATION 

Closed melhod 





Ill 01 del to attain an aeeiiiate comimssuiotomy, identification of the line 
of liision of the cusps was neeessaiy, and this nas not tisi in the defomied 
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and calcified valve. In this regard, the following procedure was found to 
be most successful. T he location of the original anatomic commissures at 
the aortic wall was fiist sought. At least one commissure was usually ap¬ 
parent, and the otheis sought 120 degrees away from this site. Three helpful 
anatomic guides used in locating these aortic attachments are shown in the 
simplified diagrammatic sketch (Pig. 7). (1) The anatomic points of attach¬ 
ment are the most distal points ot valve attachment to the aortic wall. (2) 



Fiff 7.—Simplified diagrammatic sUetcli of a post-i heumatic calcified stenotic aortic valve 
showing Important anatomic landmarks which are helpful in performing commissurotomy. 



Fig. 8_A post-rheumatic calcified stenotic aoitie \ahe showing the anatomic landmarks 

They are usually marked by ridges apiproximately 2 mm. long, lunning dis 
tally along the aorta and representing an extension of the valve edges. 
(3) The lines of fusion of the leaflet edges are usually apparent as lumps 
adjacent to the aortic wall. These distal points, ridges, and lumps are shown 
in the photograph of an actual specimen (Fig. 8). 
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Some debiidenieiit of gioss calcifie deposits was fiequeiitly nocessaiy foi 
initial oiientatioii After the site of the oiiginal commissine had been defined, 
the fused leaflet edges ivcie Msuali/ed by giiigeily iomo\ing obscming eal- 
eific debus Debiidement Mas eonfined to the comniissiual legions, since 
disastious fenestiation of the vahe leaflet niaj icsult fioiii debridement in 
the body of the leaflet With the anatoime landmarks identified, the lines 
of fusion of the leaflets weie cut In some of the specimens, theie was over¬ 
lapping of the leaflet edges at then fusion lequiiing an oblique incision to 
avoid laceiation of the leaflet edge Mith leguigitation as a lesult 

In Older to test the need to divide all thice comniissuies, in file hearts 
only two comniissuies weie divided As slionn in Pig 9, a significant degree 
of stenosis peisisted until the thud coinmissuie was fiecd Tiio bicuspid 
lalves Mith calcific stenosis ncie encounteicd and in these specimens divi 
Sion of the tn o eommissiues was sufficient to leliei e stenosis 


fLOW PRESSURE CURVE STENOSIS 

Cutting 3 leoflet interfaces versus 2 teaflet interfaces 



Flow — I e s per n> nule 


Fig 9—I low pressure stu Iks showing tlie net, I to lixlli, tII three commissures In order 
to obtain sulhcient lelief o£ <itenosi‘t 

In eight lieaits, in oidei to deteimine the optimal extent of conmus 
surotomy, the three eommissuics weie cut incompletely in stages and per¬ 
fused between stages, as shown in Pig 10 Adcquite lelief of stenosis was 
not obtained until the commissnies avcie incised to a point appioximately 
2 mm from the aortic wall Caiijing the cut beyond this point and to the 
aoitic wall accomplished no fnithei improvement in stenosis The reguigi- 
tation measuiements shown in Fig 11 levesl the significant fact that when 
the valves were cut to 2 mm fioiii the aoitic wall tlieie Mas no resultant 
legurgitation, but when these incisions wcie extended to the aoitic wall 50 
pel cent of the calves beeaine leguigitant Two millimetei fusion of the 
leaflet edges was found fiequeiitly in aoitic valves which showed no evidence 
of stenosis on peifusion oi by rhnical history One esse was of particular 
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and calcified valve. In this regai-d, the following procedure was foixnd to 
be most successful. The location of the original anatomic commissures at 
the aortic waU was first sought. At least one commissure was usually ap¬ 
parent, and the otheis sought 120 degrees away from this site. Three helpful 
anatomic guides used in locating these aortic attachments are shown in the 
simplified diagrammatic sketch (Fig. 7). (1) The anatomic points of attach¬ 

ment aie the most distal points ot valve attachment to the aortic wall. (2) 

Most distal position 



Pig. 7.—Siniplifled diagianimatic sketch of a post-rheumatic calcified stenotic aortic vahe 
showing important anatomic landmarks which are helpful m performing commissurotomy 



Fig. 8.—A post-rheumatic calcified stenotic aortic \aKe showing the anatomic landmarks. 

They are usually marked by ridges approximately 2 mm. long, running dis- 
tally along the aorta and representing an extension of the valve edges. 
(3) The lines of fusion of the leaflet edges are usually apparent as lumps 
adjacent to the aortic wall. These distal points, ridges, and lumps aie shown 
in the photograph of an actual specimen (Fig. 8). 
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Some dftridement of gross ealcifie deposits ^vas frequeiitlj' necessary for 
initial orientation. After the site of the original commissure had been defined, 
the fused leaflet edges were visualized by gingerly removing obscuring cal¬ 
cific debris. Debridement was confined to the commissural regions, since 
disastrous fenestration of the valve leaflet may result from debridement in 
the body of the leaflet. With the anatomic landmarks identified, the lines 
of fusion of the leaflets were eat. In some of the specimens, there was over¬ 
lapping of the leaflet edges at their fusion requiring an oblique incision to 
avoid laceration of the leaflet edge with regurgitation as a result. 

In order to test the need to divide all three commissures, in five hearts 
only two commissures were divided. As shown in Pig. 9, a significant degree 
of stenosis persisted until the third commissure was freed. Two bienspid 
valves with ealcifie stenosis were encountered and in these specimens divi¬ 
sion of the two commissures was suffieient to relieve stenosis. 


FLOW PRESSURE CURVE STENOSIS 

Cuffing 3 leaflet interfaces versus 2 teoflet interfoces 



2 3 4 5 

ftpM— filer* p«r minute 


B'lg 3 —Flow-pressure studies sfiowing the need to dl\Ide all thiee commissures m order 
to olitain suidcient iclieC of stunobis. 

In eight hearts, in order to determine the optimal extent of commis¬ 
surotomy, the three commissures were cut incompletely in stages and per¬ 
fused between stages, as shown in Pig. 10. Adequate relief of stenosis was 
not obtained tmtii the commissures were incised to a point approximately 
2 mm. from the aortic wall. Canying the eut beyond this point and to the 
aortic wall accomplished no further improvement in stenosis. The regurgi¬ 
tation measurements shown in Fig. II reveal the significant fact that when 
the valves were cut to 2 mni. from the aortic wall there was no resultant 
regurgitation, but when these incisions were extended to the aortic wall 50 
per cent of the valves became regurgitant. Two millimeter fusion of the 
leaflet edges was found frequently in aortic valves which showed no evidence 
of stenosis on perfusion or by clinical history. One case was of particular 
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FLOW-PRESSURE STENOSIS 


Radial cut 



12 3 4 

Flow — liters per minute 


Fig. 10.—Flow-pressure studies showing that adequate relief of stenosis does not appear until 
the commissures are incised to 2 mm. from the aortic wall. 


FLOW PRESSURE CURVE REGURGITATION 

Effect of culling to ond closer Ihon Emm from aortic woll 



Flow-liters per minute 


Fig. 11.—^Flow-pressure 
omy 


studies showing the appearance of regurgitation when the valvulot 
is extended closer than 2 uini. from the aortic wall. 
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iiitei-est since a pathologic diagnosis of aortic stenosis had been made by the 
pathologist on the basis of calcification and rigidity of the leaflets. This 
ease had at least 2 mm of commissural adhesion and looked like a stenotic 
valve after what rve ivould consider adequate commissuiotomy. Periusion 
showed insignificant stenosis and no icguigitation, and review of the patient’s 
recoid provided no clinical evidence of heart disease. 



Flff 12—A cdlcifiQcl stenotic post-eheuniatlc tncuspnl aortic \al\e before anti after open 

instrumentation 



Fiff 13—A Calcified stenotic post-rheumatic bicuspid uortic \al\e before and after open 

instrumentation 

As a final study, ten consecutive siiccimens of seveio calcific aortic steno¬ 
sis were visualized by the tiaiisaortic appro,ich and <ill three commissures 
were incised up to a point 2 mm. from the aortic wall in the manner iirevi- 
ously described. Fig. 12 .shows a preoperative and postoperative tricuspid 
aortic valve. Fig 13 shows a ineopciative and iiostopcrativo bicuspid aortic 
valve. Pro- and post-commissuiotomy periusion data for these ten specimens 
are shown in Fig.s. 11 and 15, There was no significant residual .stono.si.s’. 
Regurgitation was slightly increased in only one spoeimen ,uid definitely 
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FLOW-PRESSURE STENOSIS 

Radiol cut 



12 3 4 


Flow — liters per rninule 

Fig. 10.—Flow-pressure studies showing that adequate relief of stenosis does not appear until 
tile commissures are incised to 2 mm. from the aortic wall. 


FLOW PRESSURE CURVE REGURGITATION 

El led ot culling to ond closer Ihon 2mm irom aortic wall 


Acccptoblc- 

Reaurailolion 



PIqw -liters per minute 


Fig. 11.—^Plow-pressure studies showing the appearance of regurgitation when the valvulot¬ 
omy is extended closer than 2 mm. from the aortic wall. 
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interest since a pathologic diagnosis of aortic stenosis had been made by the 
t)athologist on the basis of calcification and rigidity of the leaflets. This 
ease had at least 2 mm of commissural adhesion and looked like a stenotic 
valve after what we would consider adequate commissurotomy. Perfusion 
showed insignificant stenosis and Jio regurgitation, and review of the patient’s 
record provided no clinical evidence of heart disease. 



Fig- 12—A calcined stenotic post*rheiin)atic tricuspid aoitic \ahe before and after open 

instrumentation 



Fig 13—A calcified stenotic post-rheumatic bicuspid aortic \al\e bofoie ami aflof amn 

instrumentation 


As a final study, ten consecutive specimens of severe calcific jiorlic •■'leiio- 
sis were visualized by the traiisaortie approach and .-ill tlirei' commis.MUV.s 
were incised up to a point 2 mm. from the aortic wall in the manner pri'Vn 
onsly described. Pig. 12 shows a preoperative .-md postoperative |‘ 
aortic valve. Pig. 13 shows a lU'coperative and postoperative 
valve. Pre- and post-eommissurotomy perfushm data for 
are shown in Figs. 14 and 15. There was no signifieant resohm 
Regurgitation was slightly increased in only one speeiao’ii am '-i. 
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FLOW PRESSURE CURVE STENOSIS 

Effect of cutting otl three commissures 

to 2mm from aortic wall 



Flow-titers per minute 

Fig. H. 


FLOW PRESSURE REGURGITATION 



Flow— liters per minute 


Fig. 15. 

Figs. 14 and 15.—Pre- and post-instrumentation studies showing the efCeet on stenosis 
and on regurgitation in 10 consecutive autopsy cases of post-rheumatic calcine aortic stenosis 
where valvulotomy was performed by the open method as described. 
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deoioased m two The impio\ement m rcguigitatioa m these 2 eases did not 
appeal until the tluid commissure was dnidcd The lemaiiimg seien speei 
mens weie unchanged as icgaids icgmgitation by cominissuiotomj In nine 
of these ten specimens, no calcium pai tides were released dui mg the com 
missurotomy In oiilj’’ one of these ten specimens a few paitieles of calcium 
weie leleased duiing commissuiotomy but weie. easily lemoved ivith foiceps 
and did not appeal in the pei fusing fluid 


FLOW PHESSUHE CURVE STENOSS 

Operoied cases 


fuow PRESSuRe; cuRve rcjURGtaton 

Ope aleil cases 




Figs 16 and 17—Postmortem studies o»i the aortic valve of 2 patients wJio dieI fol 
lowing transaortic open va1\ ulotomy for «e\ere post rheumatic calcific aortic stvnosis There 
IS adequate relief of stenosis and msigmdc'int regurgitation 


CUNIG \L VPPIIC VTION 

It has been possible to applj tlie foiegonig technical piineiples and methods 
of laboiatoiy measuiement to 2 patients m whom aoitic commissutotomy was 
earned out by open opeiation but who Jailed to suiMve 

The first of these was a 44jcaioId man with acquiied aortie stenosis 
whose presenting sjmptoni was angina of such intensitj and seicnty that he 
was unable to toleiate left heart csthcteiiration piioi to opeiation Aortie 
1 alvulotoinv was earned out undei diiect \ision uping a modified DeAVall pump 
o\vgenatoi and electiic airest with 2 5 per cent potassium eitiate The vahe 
was caiefully deluided, the eommissuics accuiateh identified and incised to 
a point 2 mm fiom the aoitie wall Uiifortunatelj, it pioted impossible to 
lesuscitate this lieait and tlie patient died Postmortem peifusion study 
demonstrated that only a slight and aeccptahlc degree of stenosis peisistcd and 
that no significant leguigitation had been piodin ed (Figs 16 and 17) 

The second patient was a woman of 55 yeais of age with known ilieiimatic 
lieait disease and aoitie stenosis Her picscnting complaint was syncope Pic- 
opeiative left heait catheterization demonstiated a systolic iiressiiie giadieiie 
of 125 mm Hg aeioss the aoitie laJvc Dnect Msion aoi missiiii 'f"’ 
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FLOW PRESSURE CURVE STENOSIS 

Effect of cutting otl ttiree commissures 

to 2mm from aortic woll 



Fit.'. U. 


FLOW PRESSURE REGURGITATION 



Fig-. 15. 

Figs. 14 and 15.—Pre- and post-instrumentation studies showing the effect on 
and on regurgitation in 10 consecutive autopsy cases of post-rheumatic calcine aortic 
where valvulotomy was performed by the open method as described. 


stenosis 

stenosis 
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decieased m two The impro\enicnt m reguigitation in these 2 cases did not 
appear until the thud eomniissme was di\ided The leniaining se\en speei 
mens weie unchangod as legaids i cgui gitation by comimssuiotomy In nine 
of these ten speeiniens, no ealeitiin paiticles weie leleased dining the com 
missuiotoiny In only one of these ten speeimens a few paiticles of caleuim 
weie leleased dining eommissuiotomy but weie.easily lemoied with foiceps 
and did not appeal in the pei fusing fluid 


now PRESSURE CURVE STENOSS 

Operoled coses 



Fie 10 


FLOW PRESSURE CURVE REGURGITiTION 

Ope oled coses 



Figs 16 and 17 —Postmortem studies on the aortic valve of 2 patients \vho died fol 
lowing tran&aoitic open vaKulotoniy for st\er** post rheumatic calcific aortic stenosis Thero 
IS adequate relief of stenosis and m'ugnillcant reguigitailon 


CLINIC \L \PPI IC VTION 

It lias been possible to applj the foiegoing technical piinciples and methods 
of laboiatoiy measui emeiit to 2 patients in whom aortic comniissurotoiny was 
earned out by open opeiation hut «ho failed to siuvive 

The first of these was a Ilyeaiold man with aequned aortic stenosis 
whose piesenting sjinptoni was angina of such intensity and seieiity that he 
was unable to tolerate left lieait catheterization piioi to opeiation Aortic 
\alvulotomy was earned out undei diiect iision u^'iiig a modified DeWall pump 
oxygeiiatoi and elective airest with 2 5 pei cent potassium citiate The valve 
was caiefull> dcbiided, the eommissuies aecuiafelv identified and incised to 
a point 2 mm fiom the aoitic wall Unfoi lunately it pioved impossible to 
lesuseitate this heait and the patient died Postmoitem pci fusion study 
demonstrated that only a slight and acceiitable degiee of stenosis peisisted and 
that no significant leguigitation had been pioduced (Figs IG and 17) 

The second patient was a woman of 55 yeais of age with known rheumatic 
hcait disease and aoitie stenosis Hei piesenting complaint was syncope Pie 
opoiative left heart catheteiizatioii dciiionstiated a sjslolie pressure gradient 
of 125 mm Ilg across the aortic v live Direct vision aoitic eominissuiotomy 
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was cai'ried out in the manner described above, using cardiac bypass and elec¬ 
tive arrest. Two commissures required incision to 2 mm. from the aortic wall. 
After closure of the aortotomy, the patient’s heart was readily resuscitated. 
Her immediate postoperative course was complicated by bleeding from the 
aortic suture line requiring reoperation 10 hours following the original pro- 
cediire. Nine days later sha was ambulatory and free of cardiac symptoms 
when a wound infection became obvious from which she eventually died, with 
secondary hemorihage from the aortic suture line. Postmortem perfusion 
studies showed excellent relief of her stenosis with no appreciable regurgitation 
(Figs. 16 and 17). 

An interesting and, we believe, important lesson was learned in the opera¬ 
tive management of these 2 patients. In the first individual, it was noted that 
during the period of attempted resuscitation by vigorous pei’fusion of the 
coronaries, the left ati'ium became enormously distended witli clearly an ex¬ 
cessively high intra-atrial pressure. This, of course, was transmitted back into 
the pulmonary veins and eventually resulted in a marked degree of pulmonary 
edema and hemorrhage. As a result of this observation, in the second patient 
a separate catheter was placed in the left atrium at the beginning of the pro¬ 
cedure and, during the period of coronaiy perfusion needed to resuscitate the 
heart, the blood returning to the left atrium was led off to the venous side of 
the pump-oxygenator. Thus, in effect, a left heart bypass was carried out dur¬ 
ing the period of resuscitation and in this way the strain on the recovering 
left ventricle Avas minimized and back-pressure effects on the lung avoided. 
At the same time, a large voliAme flow of oxygenated blood was returned to the 
extracorporeal system at a time when large volumes were desirable to perfuse 
adequately the recovery ventricular myocardhnn with its relatively poor 
eoronai’y vasculatui’e. 


Table I 


TAmE OP PROCEDURE 

NUMBER 

OF 

CASES 

STENOSIS 

ADEQUATELY 

REPAIRED 

(%) 

RESULTANT 

SIGNIFICANT 

REGURGITATION 

(%) 

CALCAREOUS 

EMBOLI 

(%) 

Blind pommissurotomy 

10 

60 

50 

40 

Oprn commissurotomy not 

along leaflet interfai'os 

3 

66 

lao 

66 

Open commissurotomy along 

valve leaflet interfaces 

10 

100 

0 

10 


SUn.AIAKY AND CONCLUSIONS 

Thirty-six autopsy specimens of aortic valves Avith calcific aortic stenosis 
were studied before and after instrumental attempts to relieve the stenosis. 
The effect on stenosis and regurgitation Avas determined by perfusion of the 
valve and measurement of the pressure across it. The follOAving conclusions 
were reached. 

1. “Blind” commissurotomy or dilatation of a calcified and stenotic aortic 
valve frequently results in a forbidding degree of regurgitation, inconsistent 
relief of stenosis, and the release of gross calcareous emboli (Table I). 
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2 Debudement and connnissuiotomy undei diiect •vision makes it pos¬ 
sible consistently to iehe\e stenosis without inoducing significant icguigita- 
tion and without uneontioUed lelease of caleaieous emboli (Table I) 

3 Accuiate identification of the line of leaflet fusion is the key to sue 
eessful commissuiotomy (Table I) 

4 The commissuie should not be divided beyond a point 2 mm fiom 
the aoitic wall since fiuthei dnisiou will not impiove stenosis and may make 

I egiugitatiou woiso 

5 Division of only two of the tiuee commissiues Jesuits in pcisistent 
modeiatc aoitic stenosis Division of the thud commissuie uiiifoimly re 
licves stenosis and occasionally e\cn decieascs leguigitation 

6 Failuie to lecognize a bicuspid aoitic lalvc and constiuction of a false 
third coimmssine icsults in fiec aoitic legmgitation Satisfactoi^ lelief of 
stenosis is accomplished in bicuspid aoitic lahes by division of the two com 
missures 

The application of the abo\e tcchmtal piinciples in 2 clinical cases is 
dcseiibed 
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INTERCORONARY COLLATERALS IN NORMAL HEARTS 

Sven Bellman, Al.D.,* and Howard A. Frank, M.D., Boston, Mass. 


r^ETAiLED knowledge of the anatomy of intei’arterial coronary communications 
as they exist in normal hearts seems essential to an understanding of the 
natural development of arterial collaterals in response to coronary occlusion 
and the influence of therapeutic efforts upon this development. The presence 
of communications between the major coronary artei-ial systems has been demon¬ 
strated by many methods (see survey in Ref. 1), but in normal hearts the con¬ 
necting vessels themselves are usually so small that their course can be traced 
only by difficult microscopic examination of cleared or corroded specimens^ 
or by serial seetionirrg and reconstruction. The use of radiography to supple¬ 
ment injections and dissection has greatly increased the convenience of exami¬ 
nation of large numbers of specimens, and the combined application of these 
methods has established the patterns of distribution of the major coronary 
arterial systems and the degree to which they intercommunicate in the hearts 
of many species.^’ Standard radiographic techniques detect the passage of 
contrast matei’ial from one arterial bed to another hnt often fail to demonstrate 
the connecting vessels in normal hearts. The present studies apply stereoscopic 
microradiography'® to permit closer examination of the form, course, distribu¬ 
tion, and terminations of the connecting vessels. These observations were un¬ 
dertaken primarily to serve as a basis for studies of the early stages in the de- 
velopment of eollatei-al vessels in response to expei’imental occlusion of coronary 
arteries. 


:material and :methods 


The observations to be presented are based on a study of the coronary arter¬ 
ies of 80 hearts of healthy young adult animals of both sexes, and a small num¬ 
ber of human hearts (8) from young patients without coronary disease or other 
disorders kno'ivn to stimulate intereoronary collaterals.' The observations were 
confined to the ventricular branches of the coronary systems. The human speci¬ 
mens studied in greatest detail were those of two 17-j'eai’-old men and one 24- 
year-old woman who died abruptly (accidental head trauma or spontaneous 
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subaiaclinoid iiemonliage) without antecedent illness However, the findings 
weie siniilai m the health of othei young patients without coionaij disease who 
died aftei more proti acted illness 

Foi the studj, a ladiopaque mass was injected into a single arteiial tiuiik 
or blanch in each he<ut The human lieaits weie in]ected at autopsv within 
12 hours aftei death Host auimal specimens (the 28 dog heaits, 10 labbit 
hearts, 21 lat heaits, and 2 heaits fiom 6 week old pigs laised m the laboiatoi v) 
weie injected fiesh These animals were gueii heparin and saciificed with an 
overdose of nembutal intiavenouslj , the healts weie removed and injected ini 
mediatelv The 19 heaits fioiii adnlt pigs studied weie obtained fleshly le 
moved at the slaughteihoase, thej weie injected within 1 to 2 houis aftei the 
animals weie slaughtered 

The laidopaque mass was injected \ia a cannula tied in place lu the aiten 
chosen, no ligatuies weie placed about adjacent arteiies oi coionaij ostia The 
pioMiiial pait of the anteiioi descending coronaij' aiteiy, just below the oiigin 
of the left ciicuiiifle\ aiteij, was the place most fiequenth chosen foi euinula 
tion, it was used in all human heaits Othci laige coinponents ot the coioinij 
sjstem, such as the common left coionaiy, the left cireiunfles, and the light 
01 subdmsions of the left coronan ststein, such as the septal aiteiv oi indiiid 
iial blanches neai the outei suifaee down to 0 5 to 1 mm in diameter, weic in 
jeetod m a nuiiihei of speciiiiens In lat heaits, the icgion of disti'Inition of 
the anteiioi descending coionaij aiteiv was also studied bv apphing i sutiiie 
ligature on this \essel at the level of the pulmonaij conus and injoeting cm 
tiast mass into the coionaij ostia \ la the aoita 

The eontiast mateiial was a freshly prepaied 10 per cent (by weight; siis 
pension of fliieh dis idcd baiium sulfate (Jliciopaque®) in a 2 5 pn cent solution 
of gelatin in watei It was wiimed to +40° C befoie the inieetioii and the 
heaits weie In ought to a siimlai tciiipei ituie by immersion in warm saline 
solution Pi ecautioiis wcic taken to a\oid sedimentation oi setting of the 
mass in the tubing during injection An injection peiiod of 5 to 10 minutes at 
a pressuie of 50 to 70 mm Ilg pioiided ina\miuin filluig of the vessoLs The 
hearts were then cooled in iced saline to set the mass, and kept cool until they 
weie opened, uiiioiled, and fi\cd 

In unrolling the heaits for microiadiogiaphic study, the back wall of 
the left ventricle was usually incised fiom the root of the aoita to the apex, 
and the septum divided so that its anteiior half remained attached in the mid- 
portion ot the opened out anterioi wall, and the posteiioi half lemained wntli 
the boidei of the light xentriele In individual speeiniens, however, othei 
planes of division were chosen to show the intact posterior wall, the joining 
of the vessels at the apex, the intact septum in profile, or to permit detailed 
examination of a small portion of the vcntiioiilai wall The gross appealaiice 
of the heait surface and the injected vessels was noted and often lecordcd 
photogiaphically The uniolled specimens weie piniitd fiat on cork mats and 
fixed overnight in 10 pel cent foiniahn 

•Damano .S. Co Ltd U are Herts Cngland 
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Mieroi-adiogvams were taken using a Machlett AEG-SO microradiography 
tube, energized at 15 to 25 kV. and 15 to 17 mA., using a focus to film distance 
of 50 cm. and Agfa Printon Rapid or Gevaert Duplo Ortlio film as photographic 
material. The exposure times ranged between 2 and 20 minutes. The films 
were developed in undiluted Kodak D 19 developer at room temperature for 
1.5 to 3 minutes. For x-ray protection, the microradiograms were taken within 
a metal box into which the end of the x-ray tube projected. Variations in 
soft tissue shadow were compensated for by immersing large and uneven spec¬ 
imens during the exposure in saline’ in a special container with a thin cellu¬ 
loid bottom. The specimen was held immobile against the bottom of the con¬ 
tainer; this in turn rested on the photograi)hic film, wrap])ed in black paper. 



Fig. 1.—Photographs of anterior surfaces (.1, t)) and ape.'c (O) of hearts injected 

through the anterior descending coronary artery. 

The surface of the human heart (/I) shows only the major trunk and some primary 
branches, surrounded by a considerable quantity of fat. 

The surface of a 6-week-old pig heart (IS) shows little but the primary branching of 
the injected trunk and even these vessels are somewhat obscured as they run beneath the 
superficial layers of the myocardium. In the hearts of adult pigs, the covering layer of myo¬ 
cardium was thicker, and much less of these ves.scls could be seen. 

The dog heart (O and D) shows the characteristic network of surface vessels connecting 
branches of the injected artery with each other and with right and left circumflex coronary 
arteries. 

Subdivisions of the main specimens were mieroradiographed without saline 
for finer detail. These specimens rested on a cellophane sheet supported by 
a rigid frame and the wrapped films were slid underneath the sheet. 

All specimens were mieroradiographed stereoscopically, using successive 
exposures. The saline container with the submerged specimen, or the framed 
cellophane sheet carrying the unsubmerged specimen, was moved 10 to 30 mm. 
along a straight track in the metal box before the second microradiogram 
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was taken. The mici oradiographic technique used gave unit-seale steroo- 
niicroangiogranis. These were viewed in a Nife mirror stereoscope, ivhich 
permitted examination of the micioangiogram.s unmagnified or enlarged •t 
times. Finer detail, necessary tor the finest injected vessels, was brought out 
by photographic enlargement, up to 20 times, of portions of the initial micro¬ 
angiograms. 

RESULT.? 

Mac) oscopic Ohservations .— 

Observation of the hearts during and after injection of contrast mass in 
all cases disclosed filling of all parts of the inj’eeted system that were visible 
on the outer surface. In the human hearts and pig hearts only the major 
trunks and some iirimary blanches of the injected coronary arteries were 
visible on the surface (Pig. 1, d. and B); in the pig hearts even these vessels 
weie covered tluough much of their course by a thin layer of myocardium 
and showed rather poorly. In the dog hcaits the tiunks and a gieat number 
of ])iimnry, seoondaiy, and tertiar.v arbori/ations showed clearly tluough the 



Fig 2 —Pis heart PJiotograpli of Interior of right \entriclc showing an arterial brancli 
traversing part of the ^cnt^iclo from the posterior wall to the apex of a papillary muscle 
Injection through right coronary arter> 

epieardium, with many fine vessels foiming reticular connections between 
branches of the injected system and also linking the injected system to arhoii- 
zations of adjacent .systems (Pig I, C aiid D). The extensive arterial filling 
within the ventricular walls piodiiced a general whitening of the muscle in 
the region of distribution of the injected artciy. 

On the inner surface, wliieli was inspected after unrolling the heart, seg¬ 
ments of medium-sized or rather large aiteiial hranehe.s were often visible 
just beneath the cndocauliiim in both ventricles and especially on the right 
ventricular aspect of the septum. In the latter region, some part of the seplal 
artery was usually visible just under the endocaidium in all .species studied. 
Small arterial branches frequently reached the endoeaidial surface at the 
apices of papillary muscles and ramified thoi-e. Slender * ' dar I 
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Microradio grams were taken using a Maehlett AEG-50 mieroradiography 
tube, energized at 15 to 25 kV. and 15 to 17 mA., using a focus to film distance 
of 50 cm. and Agfa Printon Rapid or Gevaert Duplo Ortho film as photographic 
material. The exposure tiines ranged between 2 and 20 minutes. The films 
were developed in undiluted Kodak D 19 developer at room temperature for 
1.5 to 3 minutes. For x-ray protection, the mieroradiograms were taken within 
a metal box into which the end of the x-ray tube pro.ieeted. Variations in 
soft tissue shadow were compensated for by immersing large and uneven spec¬ 
imens during the exposure in saline' in a special container with a thin cellu¬ 
loid bottom. The specimen was held immobile against the bottom of the con¬ 
tainer; this in turn rested on the photogi'aphie film, wi'apped in black paper. 



Fig. 1.—Photographs of anterior surfaces (A, B, D) and apex (C) of hearts injected 
through the anterior descending coronary artery. 

The surface of tiie human iieart (a) sliows only the major trunk and some primary 
branches, surrounded by a considerable quantity of fat. 

The surface of a 6-week-old pig heart (F) shows little but the primary branching of 
the iniected trunk and even these vessels are somewhat obscured as they run beneath the 
superficial layers of the myocardium. In the hearts of adult pigs, the covering layer of myo¬ 
cardium was thicker, and much less of these vessels could be seen. 

The dog heart (G and D) shows the characteristic network of surface vessels connecting 
branches of the injected artery with each other and witli right and left circumflex coronary 
arteries. 

Subdivisions of the main specimens were microradiographed without saline 
for finer detail. These specimens rested on a cellophane sheet supported by 
a rigid frame and the wrapped films were slid underneath the sheet. 

All specimens were mieroradiographed stereoscopically, using successive 
exposures. The saline container with the submerged specimen, or the framed 
cellophane sheet carrying the unsnbmerged specimen, was moved 10 to 30 mm. 
along a straight track in the metal box before the second microradiograni 
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of imibcle fieqiiently contained a leadily Mhible .uteiial bianeli, and in some 
instances) the aitoiy alone constituted the iiiajoi poition of the budge (Fig 2) 
Siicli budges ueio seen in all species studied, but in the pig thoi ueio espe 
daily long, often imining almost acioss the middle of the lentiiciilai caviti 

Contiast inateiial injected into the tiuiik oi a bianeh of any of the niajoi 
systems (light coioiiaij’, aiitciioi deseeiidiug, oi left eiicumfle\) appealed 
111 sill face hianohes of one oi both of the other systems in all dog heaits The 
human heaits ivcic inieeted thiough the anteiioi descending aiteiy, tlun 



Fie 4—Dog heirt. Mlcroangiogr\ms shocking over ill pattern of distribution of con¬ 
trast mass following injection into the interior descending coronarj aiit-ry The iknso flllln^ 
of fine vessels within tlie distribution of the injected artci’v contrasts witli the sparse filling in 
the regions of distribution of arteries injected only bj wav of communicating vessels 

is a magnified view of the aiei marked In -I and sliovvj in greater detail the zone of 
dense injection about eacli small branch of the interior descending irtcrv Tlie outu ird cx 
tension of the arterial subdivisions is moic pronounccfl than in the pig liearts (see Hg 3j 
and gives the border a serrated contour 
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of muscle iiequcutlj contaiiu-d a leailily MSible aitcual bianeli, and iii some 
instances the aitcry alone constituted the iiiajoi poitiou of the budge (Fig 2) 
Such budges ueie seen in all species studied, but in tJie pig the^ ueie espe 
cially long, often luiinnig almost acioss tlie middle of the sentiiculai cants 

Contiast mateiial injected into the tiiiiik oi a bianch of any of the majoi 
systems (light coiomiy, snteiioi deseeiiduig, oi left eiicumflc\) appe.ued 
in suiface blanches of one oi both of the othei systems in all dog heaits The 
human heaits sseie injected thioiigh the anteiioi descending aiteiy tins 



Pig 4—Dot, htait aiicroangiobrims 9liowmt, o\ui all pattern of dibtribution of con 
trast mass following injection into the anterior descendmK^ coronary irter> TJio dence fllllnt, 
of fine \essels within the distribution of the Injected arterj contrasts witli the sp irsc fllllnff in 
the regions of distribution of arteries Injected onl> b> wa> of communicatinK \c''sels 

B is a inagnifled view of the aiea nmked in I an 1 sliows in greater detail the zom, of 
tlense injection about each sm vll branch of tUe intcilor descending arterv The oulw irl e\ 
tension of the arterial subdivisions Is moii, pronounced than m the pig hearts (see tig 3) 
and gives the border a serrated contour 
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of muscle fiequeutly cont.uuLcl a leadily \isible aitenal bianoli, aud in some 
instances the aiteiy alone constituted the iiiajoi poition of the budge (Fig 21 
Such budges MOie seen m all species studied, hut lu the pig thej iieie espc 
daily long, often lunning almost acioss the middle of the lentiiculai canty 

Contiast mateiial injected into the tiuiik oi a biaiieh of any of the majoi 
systems (light eoionaiy, anteiioi descending, oi left ciieumfle\) appealed 
in suifaee blanches of one oi both of the othoi systems m all dogheaits The 
human heaits ueie iiijcetcd thiougli the aiiteiioi descending aiteiy , they 



4—Dog- licart MIcroanRiotrams bliouln^ o\cr all pattern of distribution of con 
tiabt mass follo^\inff injection Into tlie anterior descending coronary arter> Tiio den'ie ftlllm, 
of flno %essels ^vltldn the distribution of the injected artcij contrista \\ith the •'parst fllling in 
the regions of distribution of arteries injected onlj bj wai of coninmnicatlng \esi.cl3 

J3 is a magnified view of the area marked m A and sho^\3 in greater detail the zone of 
dense injection about eacli small branch of the interior Utscendim, irtcr\ The outu ird cx 
tension of the arterial subdivisions Is more pronounced titan in the pig liearts (see I Ig 3) 
and gives the border a serrated contour 
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all showed similar passage of the contrast mass. Retrograde flow of mass 
thiough the ostia of the secondai’ily injected arteries was frequently seen. 
In the pig hearts, and also in the rabbit hearts, passage to adjacent arteries 
was sparse, and radiographic examination was usually required to determine 
the presence of contrast material in their branches (Fig. 3). No mass was seen 
to pass from one coronary system to another in rat hearts. 

The mass did not appear in the veins. 

Microangiographic Ohser vat ions .— 

General 'patterns: The course of vascular pathways could be traced com¬ 
pletely to the limit of contrast penetration, i.e., to ramifications 20 to 30 miera 
in diameter as measured in mieroangiograms of the fixed specimens. Con¬ 
trast penetration to this limit was quite uniform in the region of arborization 



Fiff. j.—Human heart- Mieroangiograms of opened and flattened heart injected through 
the anterior descending coronary artery, showing the filling of the fine vessels m the region of 
distribution of the injected artery, and contrast mass in the major branches and trunks of 
the left circumflex and right coronary arteries (The cannula crosses the origin of the left 
circumflex artery at the right upper corner ) 

of the injected coronaiy system; the dense pattern of small vessels corre¬ 
sponded to the areas of whitening seen on the surfaces of the heart. In all 
species examined, this primarily injected system had a quite sharp border 
which stood out clearly throughout the full thickness of the ventricular walls 
in the stereo-models; it was apparent that a zone of high vascular resistance 
delimited the region supplied by any one coronary arterial system or its main 
subdivisions. The border between an injected system and adjacent ones was 
smooth in pig hearts, and more serrated in dog and human hearts; this was 
related to a difference in orientation of the medium-sized arborizations as 
they approached the border (Figs. 3 and 4). In the pig hearts, the zones of 
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distribution of individual arterial branches were so distinct that narrow bands 
of nearly uuinjected tissue were found between tlie more widelj' spaced sec¬ 
ondary branches, particularly within the anterior descending system. In dog 
and human hearts there were no such clear zones within the region of pri¬ 
mary injection, but the terminal visible arborizations of individual Itiaiiches 
formed a contour immediately adjacent to, j'et distinct from, the peripliery 
of adjacent arborizations. Very few branches passed across these borders. 



Fig-. 6.— Microangiograjws of rabbit and rat hearts. 

A, Rabbit heart showing typical pattern of the injected anterior descending artery, and 
contrast mass in branches of adjacent coronary system. 

B, Rabbit heart injected through left coronary artery showing anterior descending and 
circumflex arteries. 

C, Rabbit lieart injected tlirougb left coronary arter>' showing a large portion of botli 
ventricles supplied by a common left artery without a circumflex division. 

D, Rat heart showing typical pattern of Injected anterior descending artery. 

In contrast to the extensive filling and uniform distention of the ves.sel.s 
of the primarily injected arterial system, the branches of adjacent systems, 
which received radiopaque mass thi’ough communicating vessels, were less e.\- 
tensively and less evenly filled and were not distended, ’ - m free 

to escape through their major trunks and coronary osi ‘ " 
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all showed similax* passage of the contrast mass. Retrograde flow of mass 
through the ostia of the secondarily injected arteries was frequently seen. 
In the pig hearts, and also in the rabbit hearts, passage to adjacent arteries 
was sparse, and radiographic examination was usually required to determine 
the presence of contrast material in their branches (Fig, 3). No mass was seen 
to pass from one coronary system to another in rat hearts. 

The mass did not appear in the veins. 

Microangiographic Ohservations .— 

General patterns: The course of vascular pathways could be traced com¬ 
pletely to the limit of contrast penetration, i.e., to ramifications 20 to 30 micra 
in diameter as measured in microangiograms of the fixed specimens. Con¬ 
trast peneti-ation to this limit was quite uniform in the region of arborization 



Pig. 5.—^Human heart. Microangiograms of opened and flattened heart injected through 
the anterior descending coronary artery, showing the filling of the fine vessels in the region of 
distribution of the injected artery, and contrast mass in the major branches and trunks of 
the left circumflex and right coronary arteries. (The cannula crosses the origin of the left 
circumflex artery at the right upper corner.) 

of the injected coronary system; the dense pattern of small vessels corre¬ 
sponded to the areas of whitening seen on the surfaces of the heart. In all 
species examined, this primarily injected system had a quite sharp border 
which stood out clearly throughout the full thickness of the ventricular walls 
in the stereo-models; it was apparent that a zone of high vascular resistance 
delimited the region supplied by any one coronazy artei’ial system or its main 
subdivisions. The border between an injected system and adjacent ones was 
smooth in pig hearts, and more sei'rated in dog and human heax’ts; this was 
related to a difference in orientation of the medium-sized arboi’izations as 
they approached the border (Figs. 3 and 4). In the pig hearts, the zones of 




Fiff. 8.—Pie lieart lllcroangiogram showine a- Ion? alender vessel in a trabecular muscle 
bricZee in the lumen of the n'eht ventricle (««/«<rrA-crf arrow). The vessel arises from the 
right coronary artery near its ostium {upper left comer) ; lateral and end arborizations con¬ 
nect at the lower end of Uie trabecula with fine blanches of the anterior descending coronary 
artery. 

The contrast mass was injected into the anterior descending artery through tlio cannula 
seen near the upper left corner. 


Fig. 7.—Pig hearts. Microanglogranis of anterior wall of right ventricle, trabecular 
bridge, and papillary muscle from right ventricle. 

A, Communications betw-een the anterior descending artery, whicit received the injection 
(lower riyht), and branches of the right coionary artery. The major branches were at the 
outer surface but the communicating vessels lay deep near the endocardial aspect of the ven¬ 
tricular Wall. 

B, Trabecular bridge which extemied across the chamber of the rlglit \entricle and con¬ 
tained communications from tlie injectetl anterior descending artery to right coronary 
branches at the base of a papillary muscle. 

C, Papillary muscle in chamber of right ventricle containing intercommunicating ramill- 
cations of septal branches from the anterior de.'tccnding artery anil also communications to 
the right coionary in the wall of the ventricle (upper npht). 










Fig. 7 .—For legend see opposite page. 











Piff 8 —Pig heart. ‘Microingiofci'im sho^\lt)g a long slentler vessel m i tr'ibecuKr muscle 
bridge in the lumen of the rlglit ventricle lumiaiked an-ou) TJit. Alices fiom the 

light coionaay artery near its ostium (uppet left comer) lateril and end arborizations con 
nect at the lo%\er end of tlie trabecula with flne blanches of the interior descending coronarj 
arterj 

The contiast mass was injected into the antciior di,‘;ccn ling artery tlirough the cannula 
seen neai the upper left cornei 


Fjg 7 —-Pig- heaits Microanglograms of anterior Aiall of right ^entliclt tnbtcular 
bridge and papillary muscle from right \tntricle 

A, Communications befueen the anterior desetn ling irterj which recthel tlio Injection 
(loiter ri jht) and branches of tlie right coronary arterj The mijor bnnthcs wcic at the 
outer surface but the communicating* icvsels lo deep neir the endotardlil aspect ot tin. \en 
triculai wall 

B, Trabecular bridge which c\tendel acioss the chamber of the light %entrlclc and con 

tamed communications from the Injected anterior descending' artirj to right colon ir) 
branches at tlie base of a panlllao muscle , ^ , , , , ^ , 

C Papillftrj muscle in cliamber of right \tntilcli, containing intertominunlcatlng rainifl 
cations of sipt il branche'5 from the anterior iJescemling arterj an! al o c nnmunic itlons to 
the light coionarj In the wall of tin. \entrlcle (ttppet ttpht) 
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components. In hearts with this left coronary pattern, nearly all of the an¬ 
terior wall, the left border, and mnch of the posterior wall of both ventricles 
were supplied by a series of branches from the left coronary trunk (Fig. 6). 
An occasional rat heart also had a dominant left coronary pattern. 

Our observations were directed mainly toward the distribution of the 
anterior descending coronary artery; the trunk of this artery in human, pig, 



Fig. 9.—Human heart. Excised papillary muscle neighboring trabeOTlar ridges 

bridges. The vessels within the papillary muscle are filled 5^. the 

scending artery. Communications are seen within trabecular bridges between Hie ^p^ of tl 
papillary muscle and vessels within the ventricular wali (ie/f itpper artotv) and between the 
base of the papillary muscle and vessels of the septum (.I'lght arrowa). 
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and dog hearts ran toward the apex on or just below the anterior surface of 
the left ventricle, adjacent to the anterior attachment of the interventricular 
septum, sometimes passing about the apex to the lower posterior aspect of the 
heart. Large, widely spaced primary branches ran obliquely dowiin ard aei oss 
the anterior face of the left ventricle. In human and pig heaits, only small 
portions of these oblique blanches were visible on the surface, however, the 



Flfr 10—Doc heart ^licroangiogram showing 
branches of the anterior descendmer coronary artery 
Some communications are superficial, others are deep 
of the "end-to-end' and the 'long-, uniform diameter* 

radiogiaphie apiieaiaiice was quite similar in all species studied Many sec¬ 
ondary branches left the oblique artciics to pass either diiectly into the depth 
of the niyocaidiiim, or fiist lafcially for some distance and then toward the 
endocardial suiface. In addition to the large oblique branches, the main trunk 
of the anterior descending arteiy in all species gave off a closely spaced series 
of smaller branches whieli passed latcially into the anterior walls of the left 
and right ventricles and posteriorly nearly at right angles into the septum. 
One or two large distinct “septal aiteiies" arising from the anterior descend¬ 
ing or common left coronaiy artery were quite constautly found in dog and 
rat hearts (in the rat frequently arising from the right coronaiy a'‘'yy) and 
were also present in most of our human hearts. T n ,^'er, a " 

series of iiuifonn branches usually led from the 


between 
i arrows 
Examples 
=>00 
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to the septum. A large branch of the anterior descending artery usually ar¬ 
borized widely in the upper aspect of the anterior wall of the right ventricle (see 
Figs. 3, B, 4, A, and 5), and several smaller branches ramified irregularly or 
formed a series of uniform bushy arborizations in the lower anterior wall of 
the right ventricle. The branches to the right ai'ising from the mid-portion 
of the anterior descending trunk, whether leading to the right ventricular 
wall or to the right face of the septum, were frequently distinctly tortuous 
as were their arborizations (see Fig. 3). 

Passage of contrast mass into cardiac veins was not observed in any species. 

Intercoronary arterial connections: Contrast mass did not pass from the 
injected coronary system into adjacent ones in rat hearts, but did reach the 



Fisr. 11 .—Doe heart, ilicroangiogram showing communications between terminal branches 
of the injected anterior descending coronary artery and of the left circumflex artery in the 
anterior apical portion of the left ventricle. The location of the magnifled field is marked in 
the inset. 

A large communication is formed by the continuity of a brancli of the anterior de¬ 
scending artery with a branch of the left circumflex. Several finer connections can also be 
seen. 

branches and sometimes also the trunks of adjacent systems in 3 of 10 rabbit 
hearts, and in 14 of 19 pig hearts. Trunks and numerous branches of adjacent 
systems were outlined by passage of mass in all dog and human hearts, al¬ 
though not with the dense fine-vessel filling of the zone of primary injection. 
One of the pig hearts showed the free passage of contrast mass seen in the dog 
and human hearts, in 6 the mass entered a few adjacent branches but did not 
reach the trunks, and in 7 there was only a minimal penetration of mass into 
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one or t3vo fine twigs of adjacent systems. In none of the heaits studied was 
tlio lun-oft' of eontiast mass to neighboruig aiteiidl systems so fiee ns to in- 
intcifere witli the fUliiig ot tlie fine arborizations of the in.iected sjsteiu 

The pathways thiough which coutidst mass passed from one system to 
another could usually be tiaccd steicoseopieally Mithout difficnlt,y in the pri¬ 
mary mioioangiogiams ot dog, pig and human hcaits Some connecting les- 
sels could be seen witliout magnification, but the fourfold magmfic.ition of tlie 
steieoscope iias neeess.uy for adequate study of the majoiity of the eoiuieo- 
tions found Higher magnification, obtained by photogiaiihie enlargement, 
Mas useful in sepaiating siipeiiniposed vessels and in estalilisliing eontimnty'. 



Fig 12 —Dog lieai t Sllcroanffiogi beta eon tenninal bi inches 

of tlie injected anterior descendinj? le nglit coionarv artery 

TItese communications are located just the anterior wall of the 

right \entrlcle and are tjpical of the - of the dog Iieart 

but did not biing out many additional connections in these species. Iligli 
magnification was necessaiy, however, for demonstiatiou of the connections 
in the labhit iieaits; these vessels were about 20 to 30 miera in diameter, ie, 
at the limit of penetration of contrast mass, and weie not alwaj's outlined in 
complete coiitimuty Those obsened weie situated witlim the leiitricular 
walls, and except for their generally smaller sue lescmlilcd those of dog and 
liumau heal ts, to he described. 

The inteisystem conneetions found in jiig heaits neie located intramus¬ 
cularly, fiequently linking fine lesscls arboiizing in papillary muscles and 
trabeculae with penetiating branches fiom the anteiior or posterior siuface 

Other coramuuicatioiis were occasionally deuioiistiat ' th 1,5 of the ven¬ 
tricles near the apex (Pig I, A) and at the pos^ ati 
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trieular sulcus. Tlie trabecular muscle bridges contained long, slender arteries 
whicli entered at one pedicle, gave oft a few small brandies in the bridge, and 
dii ided into their terminal arborizations in the other pedicle, where connec¬ 
tions could often be traced to adjacent arterial systems (Pigs. 7, B, and C, and 








branches of 


ant. desc. 












? yi' J 

■ * 


f A 


dBm 


left circumflex 


Pig-. 13—Humeui heart. Microangiogram of poition of anterior -wall of left ventricle 
near the apex. Injection thiough anteiior descending artery The ariows indicate some of 
the manj communications between this and the left circumflex artery. The tiansverse vessels 
seen in the lower half of the field aie connecting \essels lying in trabeculae on tlie inner as¬ 
pect of the ventricular wall 

8). Connections within the injected arterial system ivere also found hi most 
pig hearts, usually also in relation to papillary or trabecular vessels. The 
number of such communications in any smgle heart, however, was never large; 
often no more than one or two could be demonstrated. 
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In clOg' and humm hcaits, numctoiis inteisystcni connections iieie loulil) 
tound tinoughout the nniginal ^one& about the legion of piinuny injection 
Most coniKctiiig lesstls iveic located nt ii the epieaidnl oi endocaidiil sui 
faces Uhosc neii the iniiei suifiee neie foi the most put lelatcd to pajnlhii 
ind tiabecnlu vessels sniiiHi to those seen in pig heaits but eonsideiablj 
inoie niimeious (Tigs 9 and lO) Those iieai the outei suifaee of the dog 
heaits included the nctuoik of suifaee eonneetions seen diicetly and also othei 
eonneeting ^cssels of similai appennnec within the sulistanee of the muscle 



Fig 14 —Human heart Mlcroanglogranis following Injection through anterior de 
'scending coronary artery 

A, Anterior wall of right >entriclc showing slender communications betnen the anterior 
descending and right coronar> arteries 

B \pex of heart showing communications between the anterior descending an I left 
circumflex arteries The direct terminal joining of a branch fiom each sj stern is seen as 
nell as at least two slender connecting vessels 


(Figs 19 to Id) Hie lattci iciiiained foi the most pait pai illel to the siii 
tnce, but some dipped into deepei muscle lijeis, wliile a few, nisiiig and tci 
miiiating in intiamusciilai blanches, lose to the subepicardnl plane for much 
of then couise 'the micio iiigiogiams of human lieaits showed a similai net 
woik of supeifieiil cQiiuoctions (Figs ll and 14) which, however, did not 
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trieiilar sulcus. The trabecular muscle bridges contained long, slender arteries 
which entered at one pedicle, gave off a few small branches in the bridge, and 
divided into their terminal arborizations in the other pedicle, where connec¬ 
tions could often be traced to adjacent arterial systems (Figs. 7, B, and C, and 



Fig-. 13.—Human heart Microangiogram of portion of anterior wall of .left ventricle 
near the apex. Injection through anterior descending artery. The ar^ws indicate some of 
the many communications between this and the left circurnflex artery. The transverse vessels 
seen in the lower half of the field are connecting vessels iymg m trabeculae on the inner as¬ 
pect of the ventricular wall. 

8). Connections within the injected arterial system were also found in most 
pig hearts, usually also in relation to papillary or trabecular vessels. The 
number of such communications in any single heart, however, was never large; 
often no more than one or two could be demonstrated. 
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In dog and human hearts, numerous intcrsystein conneetions were readily 
found throughout the marginal zones about the region of primary iujeetion. 
Jtost eonneeting vessels were loeated near the cpieardial or endocardial sur¬ 
faces. Those near the inner .surface Avere for the most part related to papillaiy 
and trabecular ve.ssels, .similar to those seen in pig hearts but considerably 
more numerous (Pigs. 9 and 13.) Those near the outer surface of the dog 
hearts included the uetAvork of surface connections seen directly and also other 
connecting A'cssels of similar appearance within the substance of the muscle 


branches ofL 
right coron 



branches of anl. desal.r 


Fig. 14.—Human heart. Mlcroanglograms following Injection through anterior « 
scendlng coronary artery. 

A. Anterior Avail oC right ventricle allowing slender communications betwen the outer oc 
descending and light coronary arteries. 

■S. Apex of heart showing communications between tlie anterior descending 
circumtiex arteries. The direct terminal Joining of a branch from each system i= 
well as at least two slender connecting vessels. 

(Figs. 10 to 12). The latter remained for the most part psrslkl .. 

face, l>ut some dipjAed into deeper muscle layers, iviiilc s 
miiiatiiig in intramuscular branches, iabc to the sabepieardhl . 

of their course. 3'he mioroaugiograms of hiuaan Jie.iils , 

work of superiieial conneetions (Pig.s. IS and H) nhidi. I'''''’ , ■ 
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quite reach the epieardial surface. Other intersystem and intrasystem com¬ 
munications were found at all depths in the walls of the ventricles and the 
septum (Fig-. 15) of dog and human hearts, some running in the plane of the 
surface, others changing depth in their course, occasionally running almost 
perpendicularly to the plane of the ventricular wall to connect branches at 
outer and inner surfaces. 


septal artery 




left circumflex ! 


wm 


c 1 . 00 i f inipptpcl tlirough anterior descending coio- 

Fig. 15.—Microangiogranis of luunan heait injecteu Liiiout. 

nary artery. i /.p onfprfnr descending, posterior descending, 

A, Septum in profile view, ’^V^"^*^®fgn^ej.^o®nmunication between branches of the 

and left circumflex arteries, showing a long slender commu ic marked 

septal artery and the posterior descending, n is a nigimi 
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The iiKiimei of juiiotion between adjacent sjstems oi within aiij one sjs 
teiii w'as much the same ni all species studied and in geneial took one of two 
forms The moio fieqiicnt foim appeared to be a diiect end to end (.ommu 
nication ot piogiessnely nariowing aiteiial subdivisions (see Figs 10 to If) 
The appaient point of junction was in geneial some -10 to 60 mieia m diametei 
as measured in the niieioangiogiain Smaller connections weie seen down 
to the limit of penetiation of eontiast mass The eontiast column within 
these \eiv tine lessels was not alwajs quite eoiitimious Connections laigoi 
than 60 micia weie infiequent, a leij' few wcie as huge as 100 to 150 inieia 
and the laigest lunetion point seen was 200 niieia in diamctei Less fie 
qnentlv, the eoniicetions were relatively long, slendei \ essels of uniforiii diainctei 
and little .iibmization (see Pigs 10 and 15) These lessels weie siiiiil.u in 
diametei to the simple junction points but icached a length as gieat as 2 eni 
They connected fine twigs oi occasionally laigei hianehes The connecting 
lessel fiequeiitlv widened somewhit neai its points of oiigiii iiid teimniation 
(„co Fig 15) 

For a lough estiinato of the tiequeney of inteissstcm eommnnioations 
in the human heaits, counts weie nnde of the mimheis of connecting iessels 
some pait of w hieh could be found within eiieles loin in diametei plited it 
lamlom along the left hoidci ot the iiiiicted intenoi descending (nioniiv 
artciy Some 5 to 10 inteisystem eomiminicatioiis weie found toi uh sneh 
ai ea 


DlisCUSbIOX 

Jlicioangiogiaphy can piovidc coiisidciahlj highei magnification and 
icsolutioii than was needed for these studies The lowei limit m diamoti i ot 
lessels visuali/td was detcimmed bj the penetiation ot the eontiast mass 
AVe chose a mass which we had found to peiietiate consistently into fine niteiial 
subdivisions without eiiteiiiig the tapillaij bed, and injected it into a single 
aiteiy oi aiteiial suhibvisioii, leaiiiig all othei arteues open to fa\oi tlow 
into mteiaiteiial eommniiieatiiig iisscls The diieet injection of only one 
aiterial system in each hesit also had the advantage of ddineating the unii 
munieatiiig components of adjacent sjstems without the dense Inekgioniid 
of fine vessel filling which ehaiacteii/ed the rone of jniiuaiy injection The 
eommumeatiiig vessels stood out eleaily at then teiminations in the second ii 
ily filled sjstems and could be tiaced back moie leadilj than would haie been 
possible if botli si stems had been fully injected Poi the same leason it w.is 
111 geneial easiei to tiace intcisistem comimuiieations tliaii eoiiimnnu itioiis 
witliin the injected sjstem 

In the small heaits—lahbit’s and lat’s—theie weie few oi no coiiimnm 
cations of a si/e deraoiistiable hy the technique emjiloied Connections that 
may i\ist in the oidei of iiiagnifnde of piieapillaiios and ealnll.iiiis weii 
not investigated 

Although laiying in mirabeis and distiihutioii in tin heaits of the sencinl 
species exainmed, the niteiaiteual comicetmg iessels dc rated 'i; pu 
pondeiantlj similai in being eithei the appaieiitlj sn i .s' 
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arborizations of adjacent arterial systems or a relatively straight nonbranch¬ 
ing vessel of uniform diameter, varying in length but usually very fine in cal¬ 
iber, of the order of diameter of the terminal arborizations. Morphologic 
evidence indicates that these vessels as found in normal hearts must present a 
high resistance to blood flow, so that, despite their presence, the individual 
arterial branches function virtually as end-arteries, and this is borne out by 
studies of coronary arteiual collateral flow.^-*-^® It is clear, howevex-, that there 
is latent in the normal hixman heart a definite intercommunicating network, as 
there is to a varying degree in most of the species studied, which if developed may 
provide alternative pathways about an occlusion at any location in the coro¬ 
nary arterial system. Enlarged collatei'al vessels and increased collateral flow 
following artei’ial occlusion have been amply demonstrated.^’ *’ ’’’ ®’ 
Examination of the anatomic stages in this development constitutes the next 
step in the present program of study. 

SUMM.VRY 

Stereo-microangiography xvas applied to a post-mortem study of inter- 
coronary arterial connections iix the A'^enti'ieular walls of normal human hearts 
and hearts of young adult dogs, pigs, i-abbits, and rats. Although the num¬ 
bers and distribution of connecting vessels differed in the several species 
studied, the vessels themselves were cpiite similar and in the main consisted 
of either (a) the dii-eet junction of the terminal ai*borization of adjacent ai*- 
terial systems, ranging in diameter fi'om 20 to 200 micra as measured* from 
the fixed specimens, or (b) a slender ixonbranching connectiixg vessel with 
a xxniform, similar diameter, up to 2 cm. long. Commxinications were found be¬ 
tween Ixranchcs of the injected artery at various levels within the ventricular 
wall, bixt were ixxost frequent near the outer aixd inner surfaces. Branches 
of the injected arteiy communicated Avith adjacent artei’ial systems where their 
terminal arborizations met, i.e., in the A'entricular walls, at the apex, in the 
fat of the atrioventricular sulcus, in the septum, and by way of papillary ixius- 
cles and muscle bridges across the cavities of the ventricles. Auricular com¬ 
munications were not studied. 

It is clear from the patterns of injection that, in spite of the existence 
of communicating vessels, each injected region Avas delineated by a border 
zone of high resistance to the flow of intravascular fluid, and it nxay be in¬ 
ferred on morphologic groxxnds alone that no substantial floAv through these 
collateral channels is to be expected immediately, even at the maximal pressure 
gradient resulting from acute occlusion of an artexy feeding one of the bridged 
systems. IIoAvevex-, it is also clear that the normal heart, at least of the larger 
maxixmals studied, possesses latent alternative pathways capable of bridging 
an occlusion at any location in the coronary arterial tree. 
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)ul:moxary hypertension is a serious complication during cardiopulmo- 
nary bypass. The associated pulmonary changes may be transient and 
t minor importance or result in fatal hemorrhage and edema. This investi- 
ation was initiated to determine significant changes in pulmonary artery 
ressure during cardiopulmonary bypass. A study of these hemodynamic 
Iterations in the lung must consider what influence is exerted by the col- 
iteral pulmonary circulation, during heart-lung bypass. 

Certain congenital cardiac lesions and chronic pulmonary disease may 
•roduce a high bronchial artery flow to the lungs.^* *’ “ In pulmonary stenosis, 
he bronchial artery flow often assumes a major role in collateral pulmonary 
ireulation and may be the primary source of blood to the pulmonary vascu- 
ar bed. 

The dual blood supply to the lungs, through the pulmonary arteries and 
>y way of the bronchial arteries from the systemic circulation, forms numer- 
)us collateral communications. The bronchial arteries are of great impor- 
anee in such a network because they rei^resent the systemic arterial com- 
mmications between the aorta and the pulmonary vascular bed. These 
bronchial-pulmonary anastomoses are both prccapillary and postcapillary. 
Preeapillary eommiinications were questioned for many years but have been 
demonstrated in man by Verloop‘ and in the dog, following chroiric unilateral 
pulmonary artery ligation, by Nordenstrom,^ The presence of postcapillary 
communications has long been established." Most of the bronchial artery flow 
from the aorta drains into the left auricle through the pulmonary veins while 
the remainder enters the systemic venous circulation through the azygos, 
hemiazygos, or intercostal veins.” 
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high, dccoinpicssion thioiigh the coionaiy ciidilation is inadequate and pul 
luonaiy hypcitcnsion lesults In these eN.peiiments we have assumed that 
a pulmonaiy capillai}' piessuie of 30 mm Hg, uhieh is slightly highei than 
the colloid osmotic piossuie of 25 mm Hg, is capable ot pioduciiig pulmo 
naiy edema 

Shodd and associates^ ha^e iu\estigated the hemodynanuc changes in 
a single lobe of normal and high bioiichial aiteiy flow animals with the pul 
inonai\ ditei\ and \eins occluded and dcsciibcd the lupoitension which oteuis 
undei these conditions 


Pressure Cannulas 



Flff 2 —Total Cai hac Bjpasa With Standstill Expeilmental ’Method (pulnionar> arterj 

aorta clanipel) The heavy black lines represent the extensive bronchial urterj flow 
which enters the pulmonary vascular bed from the aorta following chionic unilateral pulmo 
nar> artery ligation 

RESULTS 

The pulmonaiy arteij and pulinoiiaii venous piessiucs weie appioM 
luately equal duiuig aiiest with the pulmonaiy aiteiy occluded In the 
dogs uith a high broneliial aiten flow duiiiig tot. 1 hjp.iss, changes in sistemic 
aiteiial piessiue weie reflected in the occluded pulmonaiy aiteiy, appaieiith 
ail elevation iii systemic aiteiial piessiiie is tnnsmitted thiough the bion 
chial aiteues to the piilmomry vascular bed The higlicst sjstohe pulmonaij 
aiteiy piessuic denioiistiated diiiiiig paitial oi total bypass 1)3 each animal 
111 the 18 cspeiiineuts is shown m Fig 3 

Befoie Aiiest —Pulmonar 3 hyiieitension was not a seiious piohleni he 
foie eleotne eaidiac aiiest One brief peiiod of obstiueted venous letuiii to 
the pump lesulted iii a piessuie elevation to IS mm Hg An initial tiaiis 
tusioii, given as paitnl bypass was begun, i.iised the pulmoii.iiv .uteiv 
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In anesthetized normal dogs, Bruner and Schmidt® have shown that the 
bronchial artery flow is usually small (2 to 27 c.e./min.) with a cyclic flow. 
Bloomer and associates” demonstrated that chronic unilateral pulmonary 
artery ligation in a normal animal, however, may produce a bronchial artery 
flow in excess of 1,000 c.c. per minute. Several months prior to investiga¬ 
tion in this study, we created a high bronchial artery flow in 6 dogs by 
permanently ligating the left pulmonary artery simulating the increased 
collateral pulmonary circulation seen in certain patients with congenital 
heart disease'® (T’ig-1, -I and B). 

IrYe have observed 4 patients during the past 2 years who developed gross 
pulmonary hemorrhage and edema either during or shortl 3 ' after cardiopul¬ 
monary bypass when elective cardiac arrest with simultaneous aortic and 
pulmonary artery occlusion was employed." In several other open heart pro¬ 
cedures, the pulmonary venous return during cardiotomy was excessive, ap¬ 
parently reflecting the high collateral bronchial artery flow passing through 
the pulmonary vascular bed. 

EXPERIMENT.VL JIETUOD 

Eighteen dogs (8 to 20 Kg.) were anesthetized with .sodium pentobarbital 
and positive endotracheal pressure (12-15 em./water) was maintained by a 
mechanical respirator. Sixteen experiments were acutely terminated; 2 dogs 
survived for 18 and 72 hours. A right thoracotomy Avas employed which ex¬ 
tended across the sternum in 2 dogs. The animals were heparinized and 
then eannulated through the azygos vein, right auricular appendage, and left 
femoral arteiy. The femoral and caAml cannulae were connected to the bub¬ 
ble oxygenatoi-. The aorta and main pulmonary arteiy Avere clamped simul¬ 
taneously in 10 dogs, the aorta alone in 6, and 2 animals Avere studied Avithout 
arrest or cardiotomy. Elective caixliae arrest from 24 to 83 minutes Avas in¬ 
duced Avith a 2.5 per cent solution of potassium citrate. The systemic cir¬ 
culation Avas maintained by the pump-oxygenator, employing perfusion rates 
from 44 to 160 c.c. per kilogram per minute. Either a right aurieulotomy or 
ventriculotomy Avas performed. The cardiac septa Avere intact. The left 
auricular, pulmonary artery, and distal aortic pressures Avere recorded and 
sei-ial lung biopsies obtained (Fig. 2). In 6 normal dogs, a high bronchial 
artery floAv had been created ■iy 2 to 10 months before investigation; these 
animals Avere compared Avith 12 normal controls. 

Under these experimental conditions in both animal groups Avith pul¬ 
monary artery and aortic occlusion, the pulmonary vascular bed is isolated. 
There is no pulmonary artery floAV, but the continuous uninterrupted bron¬ 
chial artery circulation from the aorta beloAV its occlusion perfuses the pul¬ 
monary vascular bed. With the pulmonary artery clamped, 65 per cent or 
more of this collateral Aoaa^® passes through the open pulmonary veins into 
the flaccid left auricle. Since the auricular and ventricular septa arc intact, 
the blood has no alternative other than to escape sloAvly from the left heart 
through the coronary circulation into the right auricle or become pooled in 
the pulmonary vascular bed. When the collateral bronchial artery floAv is 
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The diagiains Tig 5 demoustiate some of tJie faetois ■HJuch miy in 
fluence pnlmoiiaij aiteiy pressuie as shown by this study Deeonipi essioii 
of the left amide loueicd the iinlmonaij iiteiy piessme in both gioiips of 
aiiiiii'ils 

If caidne aetiviti letiiiiis dining the aiicst peiiod uith tlic pulmoiidiy 
aiteiy and aoita damped the picssuic is laiscd by 15 to 20 mm Hg in tlie 
pulmonaiy aiteiv The piessme then fills when electno aiiest is again 
induced 

AVERAGE pulmonary ARTERY PRESSURE 

6 HIGH BRONCHIAL ARieRV FLOW DOGS 



Fig 4—The gradual fall in the curve of the dots uith high broucliial aitcrj Oow and 
nulmonifry artery occlusion during arrest, i*? the rt-suJt of peisistent 

auricle Slowing periodic decompression Utcr ucrest durmg lj minutes of partial hjpiss 
this same group shoued a normal pressure cur\t the reason for this Is not certain 


In the dogs Mith a high bioiichial avteij How, and an open pulmonaiy 
aiteiy, the pulmonaiy valve may leiiniii competent, hut with distoition of 
the valve the piessuie in the piilmoiinj aiteii m 13 fall as much as 15 
mm Ilg 

Aftci -liicst—Pulmonaiy Iniicitension Mas a seiious piolilein in the pai 
tial In pass pciiod iftei auest m both gioiips of dogs All of the animals 
slioaed inteimitteiit piossuie elevations aboie 30 111 m Ilg e\ecpt 1 coiitxol dog 
Mith pulmonin aitci 3 occlu-sion foi 52 minutes and the 2 nuiiuK without 
clcLtue iiiLSt 01 cardiotomy A picssurc of 65 mm Ilg 11 if. ohsoued iii a 
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pressui’e to 35 mni. Hg'. All of these pulmonary hemodynamic changes were in¬ 
termittent and did not exceed 48 mm. Hg; the highest pressnrc in the control 
groiip was 35 mm. Hg. 

Elective CavcUnc Arrest .—The average pnlmonary artery pressure curve 
of each group of dogs during partial and total bypass is shown in Fig. 4. 

The normal control animals with induced cardiac standstill from 30 to 83 
minutes did not show a rise in pnlmonary artery pressure above 30 mm. Hg. 

HIGHEST SYSTOLIC PULMONARY ARTERY PRESSURE TN' TS^’DOGS" ' 


120 


90 


MM 

HG 


60 


30 


BEFORE ARREST 

I-NO C. ARREST OR CAROIOTOMY 

-PA CLAMPED (NORMAL) | 

B -PA CLAMPED (HIGH BA FLOW) 

• -MINUTES 


ELECTIVE CARDIAC ARREST 


-1120 



NORMAL 


HIGH FLOW 


NORMAL 


HIGH FLOW 


NORMAL HIGH FLOW 


18 DOGS 

Pig. 3.—A single bar in this grapli represents eacli clog and the bars are arranged in 
order of the duration of cardiac arrest; this order remains the same in the period before and 
after arrest. 

A—no puimonary artery pressure recorded before arrest. 

L —indicates a vasopressor drug effect. 

S —sustained pulmonary arterj' pressure. The rest of tlie pressures were intermittent. 

BA —in the graph legend refers to bronchial artery. 

In the dogs with a high bronchial arterjr flow and an occluded pulmonary 
artery, the pressure rose rapidly to between 60 and 90 mm. Hg after the in¬ 
duction of cardiac arrest. This sustained pulmonary hypertension was ac¬ 
companied by a fall in the distal aortic pressure from 120 to 60 mm. Hg; 
gross hemorrhage and edema with microscopic perivascular, peribronchial, 
and alveolar hemorrhage occurred within 10 to 30 minutes after simultaneous 
occlusion of the aorta and pulmonary artery. The pressure remained normal 
in the pulmonary vascular bed of the animals Avith a high bronchial artery 
flow Avhen the pulmonary artery was undamped. 
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The diagi’ains in Fig, 5 demonstrate some of the'factors which may in¬ 
fluence pulmonary arteiy pressm-e as shown by this study. Decompression 
of the left auricle lowered the pulmonaiy arteiy pressure in both groups of 
animals. 

If cardiac activity returns during the arrest period with tiie pulmonary 
artery and aorta clamped the pressure is raised by 15 to 20 nun. Hg in the 
pulmonary artery. The pressure then falls when elective arrest is again 
induced. 

AVERAGE PULMONARY ARTERY PRESSURE 

6 HIGH bronchial ARTERf FLOW DOGS 




IGnileToTlmvlng perlodlo iVoconipvession. 

this same group showed a. normal pressure curve, the reason tor this is not ctnain, 


In the dogs with a high bronchial artery flow, and an open pulinouary 
artery, the pulmonary valve may remain competent; hut with distortion of 
the valve the pressure in the pulmonary artery may fall as much as 15 
mm. Hg. 

After Arrest.—Pulmonary hypertension was a serious problem in the par¬ 
tial bypass period after arre.st in both groups of dogs. All of the animals 
showed intermittent pressure elevations above 30 mm. Hg e.Ycep‘ 1 control dog 
with pulmonary artery occlusion tor 52 nv ■"'js without 

elective arre.st or cardiotomy. A i)rcs.si'- 
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normal animal with ' the pnlmonaiy artezy oeelizdod for 47 minutes. 
During recovery, while on partial bypass, a control dog developed a short 
period of cardiac arrhythmia accompanied by a sudden rise in pulmonary artery 
pressure to 85 mm. Hg; this animal’s pressure remained elevated for 30 minutes 
despite continued partial perfusion (Pig. 6). The result of discontinuing cardio¬ 
pulmonary bypass, before left ventricular recovery, is demonstrated in Pig. 6; 
there was an immediate rise in pulmonary artery pressure as partial bypass was 
slowly discontinued. 

FACTORS ALTERING PULMONARY ARTERY PRESSURE 


HIGH BRONCHIAL ARTERY FLOW DOGS 



Pig. 5 .—Individual factors which alter pulmonary artery pressure. (Normal and high bron- 

cliial flow dogs.) 

Cardiac massage during recovery may elevate the puhuonaiy artery 
pressure as much as 30 mm. llg (Fig. 5), while delayed eardiotomy elosiu-e 
keeps the pulmonaiy aideiy pressure low during the early period after arrest 
(Fig. 5). Hypervolemiii, increased bronchial artery flow, and previous dam¬ 
age to the lungs all contribute to increase pulmonaiy artery pressure. 

Decompression of the left auricle during cardiac recovery prevents pul¬ 
monary hypertension. 

In Table I the factors contributing to pulmonary hypertension during 
cardiopulmonary bypass, in this study, arc summarized. 

The photomicrograph in Fig. 7 shows the typical pathologic lung changes 
which may result from persistent pulmonary hypertension. 
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Tablu I. Factors Contbibvtixg to Fuluosary Hyx'Ertessios Durxkg Brr.iss 


BEl-ORB AKHCST [ 

-\RRISST 

1 

AFTER ARREST 

1. Tiansfxisioii 

1. High bronelual artery 

1. 

Nondecompressed left auricle 

2. Obstructed venous 

flow 

.> 

Delayed reco\ery of left \eiitricle 

return to pump 

2. Nondecompre&sed left 
side of heart 


(without left auricular decom 
pression) 


3. Occluded pulmonary 
artery 

3. 

Pump discontinued before left 
ventricle recovers 


4. Undamped pulmonary ar- 

4, 

Ilypervolemia 


tcry uitli a competent 

5. 

Increased bronchial artery flow* 


pulmonary Tnho 

d. 

Arrliythnua 


0 . Return of cardiac activity 

7. 

brassage 


with aorta and pulmo¬ 
nary artery clamped 

•S. 

Previous pulmonary damage 


PULMONARY ARTERY PRESSURE AFTER ARREST 

(RARTIAL BY-PASS) 


AORTA AND DESIRED RESPONSE 

BRONCHIAL fLDW) TRANSfllSON 

......I'St 

jPVMP 

LVtNTRECOVtRy J_J 



Fiff. 6.—Tlio dcsiietl pulmonary urtety response after arrest js s)io\vn at tlie top. T)ic 
two lower graphs demonstrate the effect of left \enlricular failure. The a\eraf,'c sy.stollc 
aortic piessure is shown by the figures 70-90 tnilddlc) and 100 (lower). 


DISCUSSION 

This investigation (leiiioiistrates several iiiijjortant factors wiiieli produce 
significant changes in pulmonary artery pressure during cardiopulmonary 
bjTiass botli in normal animals and those with a iiigli bronchial artery flow. 

Before arrest, pulmonary hypertension was not a serious problem in any 
of the dogs. Hypervolemia and a period of obstructed venous return to tlie 
pump caused bi-iof, intermittent elevatiou.s of pulmonary artery pre* 
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Bronchial artery flow influences pulmonary vascular pressure during 
elective cardiac arrest. This datum is of clinical as well as academic interest 
because the high bronchial artery flow present in certain patients with con¬ 
genital heart disease may raise the inilmonary capillary pressure sufficiently 
high to cause irreversible hemorrhage and edema. These changes in the 
lungs may occur during or immediately'- following opeji heart .sui-gery. The 
collateral bronchial artery flow was high in the dogs with chronic, unilateral 
pulmonary artery ligation; during arrest, when the main pulmonary artery 



Pig-, 7 .—pjiotomicrog-i-apli sliowinK the typical perivascular, peribronchial, and alveolar 
hemorrhage which results from pulmonary hypertension during cardiopulmonary bypass 
(elastic tissue stain X 15). 


and aorta were simultaneously occluded, fatal hemorrhage and edema re- 
srdted within 10 to 30 minutes. The concomitant rise in pulmonary artery 
pressure and a fall in distal aortic pi-essure demonstrated by these animals 
is apparently indicative of the high blood flow which leaves the aorta and 
enters the pulmonary vascular bed through the enlarged bronchial arteries. 
These hemorrhagic lung changes were not observed in normal dogs with the 
pulmonary artery occluded for less than 30 minutes or in the high bronchial 
artery flow group with the pulmonai’y artery open. Control animals tolerated 
standstill with pulmonary artery occlusion for 60 minutes without significant 
elevations in pulmonary artery pressure. 
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All elevated piess>mo in the pxilmonaiy aiteiy duung aiiest seeing to be 
diiectly lelated to (1) the presence ot a high bioiiohial aiteiy How, (2) a 
iioiidecoiiipiessed left side of the heait, (3) the oeeliision of the pulnioiiaiv 
aiteiy, (4) an iiiichmped pulmoiiao' aiteiy luth a competent pulinouaiv 
valve, and (5) the letmn of eaidiae activity with the aoita and pnlmomij 
aiteiy occluded 

Any delay m the lotiiin of left vcntiieiilai function aftei chetne caidiac 
aiiist IS ciitical This delay may be due to catdiac aiihythmia or left heait 
failuic as the left ventiiclc attempts to oicicoine the pump maintaintd ai 
teiial piessuio in both gioups of dogs The eail} discontinuanie of paitial 
bypass m the iocovei 3 peiiod may also lesult in lift liiait failuu Anj dt 
lay in left ventiiculai iceoieiy may icsiilt in puhnonaty hjpeitension is the 
light veiitiiele leeoiiis eaily and is not influenced In the icsistanee of the 
pump Pulnionaiy hj’ijcitension is a constant thicat until the left lentiiele 
functions etficiently 

Piolonged and vigoioiis caidiae massage dining the p.iiti.il bypass 
phase of oaidiac leeoieiy may result in sciious damage to the lungs Ap 
paiintly as the icntiicles aic compiesscd the lift lentnih his to oieicome 
the pump iiiaiutaiiiod sjsteiuic picssuie uhile the light nietts little lesistaiice 

In the animal uith a high bionchial aiten flou In pci \ olcmi.a iiid an 
iiitieased sjstemic aitonal picssine dining locoieiv mav incnase the binn 
ohial aiteiy floii and iii tuiii laisc the pulmonaij aitcij piessuii tfniifoif 
oveiy effoit must ho made to heop the blood lolume md systemii nteiiil 
piessuie nithin a low uoimal laiigc 

'When eleotne cardiac amst exccided 45 minutes in thi cjntiol dogs 
the lecoieiy poiiod was ehaiactciizid by a significant use iii pulmoiinij 
aiteiy piessuio ahoio iioimal, legaidless of whethei the pulmonaij .iiteij' 
had been occluded oi open 

Pulmonaiy hypeittnsion folloiiiiig aiitst then may bo dm to (1) failuie 
to deeompiess the left aniicU, especially if lift lentiiculai lecoieii is di 
layed, (2) discontinued paitial peifusion hefoie the left icntiicle lecoiois, 
(3) hypeivolcmia, (4) an ineieascd bronehial iiteiy flow, (o) caidiae ai 
rhj'thmia, (6) caidiae niasage, and (7) piciimis puhiionaii daiiuge 

Soveial piecautions must he ohseivcd to aioid puliiioiiaij hjpei tension 
during eardiopidmonaiy bj'pass The left auiiclc should he coiistautlj do- 
compiessed, this is the most impoitnit single factoi m pieicntmg pulmo 
naiy hypeitension The pulmomiy aiteij must he left open Aftei the 
aoita IS undamped, partial hjpass should he continued until the left ion 
triele has leeoveied Delayed caidiotomj' elosiue aftei aiicst may he in¬ 
dicated, as demoiistiated lu these studies, houeici, each patient must he eoii- 
sideiod individually and the appiopiiate ticatment should depend upon the 
ceiitial yeiious and left auncnlai iiiessuic lesponse A noimal systemic 
arterial pleasure with a noimal oi ledueed blood iolume should be main¬ 
tained An unmteiiupted lenous xetmn to the pump ui ' assu" Jail 
times 
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These studies indicate that short periods of elevated pulmonary artery 
pressure are of little importance, Avhile repeated or prolonged pulmonary 
hypertension may cause pathologic pulmonary changes at any time during 
cardiopulmonary bypass. 

.SUAniARY AND CONCLUSIONS 

Several factors have been presented which alter pulmonary artery pres¬ 
sure during cardiopulmonary bypass in dogs Avith normal and high bronchial 
artery floAv. Short periods of elevated pulmonai’y artery pressure may be Avell 
tolerated Avhile repeated or sustained pulmonary hypertension may produce 
pathologic pulmonary changes. 

Throughout cardiopulmonary bypass pulmonary hypertension may be 
avoided by: 

1. Left auricular decompression, Avhich is the most important single fac¬ 
tor in preventing the development of pulmonary hypertension. 

2. An unoccluded pulmonaiy artery. 

3. Pai'tial bypass after the aoi-ta is undamped until the left ventricle 
has recovered. 

4. Delayed cardiotomy cdosure folIoAving arrest as shoAvn in these studies. 
HoAvevei’, clinically each patient must be treated indiAudually depending upon 
the left auricular and central venous pressure response. 

5. The maintenance of a normal systemic arterial pressure Avith a normal 
or reduced blood volume. 

6. The assurance of an uninterrupted Amnous return to the pump. 


We wish to express our appreciation to Mary Elizabeth Garrard and Boyd Perry for 
their technical assistance. 
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DibCUSSION 

(PAlfKSBl Ross [PiGi, 514], COROLII [P\Ol!.544j Nl-AION [P 1 .CL 549], KOBINSON [P\( 4 5o5], 
Rol [pace 5(j3], Austen [i \gl 571], BLLfM\N [paop 584], Littiefifld [page 604] vnd 
Their Associvtls) 

DR SANFORD LEEDS, San Pranei‘»co, Calif —I sliould liKo to di^cu'^s. Paper No 20 
bj Dr Cordell associates and I at the e\perintoiif tl surgery laboratory of the Mount 

Zion Hospital in San Francisco hive studied the flow f Kinph from the nglit lymphatic 
duct and the thoracic duct before and after riisin^, the pressure in the left atnum to 
simulate acute mitral stenosis 

A total of 66 espenmeiits liaxe been perfornud since December, 1956 The first 
group of exponments were to establish a method ot di uini g the lymph from the right 
lymphatic ducts This method consists of creating a chaiul er within the external jugulai 
aem foi tlie collection of lymph from the right ducts 

(slide) This shows the plastic tube xn the extern ij jugular aein Ihe hniph from 
the right ducts flows into this chamber The rate of flow and pressure are measurtd anl 
the specimens are collected for laboratory studies 

(slide) In preliminary studies in winch the method described by Drinker ar d \\ aneii 
was used, only 4 successful studies in 11 experiments were obtained (06 poi it) B' 

using the method described, successful studies were obtained in ID of 24 exp neif” s 

per cent) As experience is gained with this method, an even higher percentOBC s ii t 
pated This method has the additional advantage over Drinker s in that the acouinuJ t i 
flow of the right lymphatic ducts is mcistiicd ritlicr thin just tlie flow of a -single i in 
nulated duct 

Time does not poriint a complete repoit of oui results Tliese will bo pre-ented at 
the San Francisco meeting of the American College of Chest Physiciins and the Cinho 
logic Congress in Brussels 

Ihe method for raising tlie xiressure 111 the Jett atrium while measurings t]io flow of 
lymph from the right lymphatic duct and the tlioracxc duct is illustrated in the next two 
slides 

(slide) The balloon is placed in the left atrium indicated by the dotted area, a 
cathetei connected to a manoinetor is placed m the loft atnum so that the pressure is 
elevated to about 30 mm Hg m order to smiuJite icuti miti il stenosis 

(slide) Tins lAOdachronie sliows the- congested appearance of the lung, which mav 
become bright red in color The surface becomes moist and actually red blood cells ire 
loosened from the surface as well as fluid 

In general, the flow is increased in both the right lymphatic duct and the thoracic 
duct Ihe time relationships indicated that there is a period of to S'A hours required 
for lymph to accumul ite in the lung before an increase 111 flow develoj's The pressure 
in tJu left atnum was elevated to 30 mm Ifg or more iuither expirniunts art in progress 
to determine how much of the thoracic duct flow is from the Jungs and Jiow much from 
lielow the diaplirugiu 

DR LARLE B IvAT , Cleveland, Ohio—I would like to eongr itulatc Dr Roe ind his 
associates upon their excellent basic work in the development of prosthetic valves 'With 
the extiacorporeal ciiculation, bv means of a pump oxygenator, acquired valvular disease 
of the mitral valve, at least, c lu be surgically corrected in the majority of patients Pi 
tients with aortic valvular disease, particularly aortic regurgitation, havo so far not 
benefited to the same degree, however ihe problem lias been largeh twofold To begin 
with, the aortic valve in many such pitieiits is so destroy c d th U it appe ired initi lily th it 
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These studies indicate that short periods of elevated pulmonary artery 
pressure are of little importance, Avhile repeated or prolonged pulmonary 
hypertension may cause pathologic pulmonary changes at any time during 
cardiopulmonary bypass. 

SUMMARY AND CONCLUSIONS 

Several factors have lieen presented which alter pulmonary artery pres¬ 
sure during cardiopulmonary bypass in dogs witli normal and high bronchial 
artery flow. Short periods of elevated pulmonary arteiy pressure may be well 
tolerated while repeated or sustained pulmonary hypertension may produce 
pathologic pulmonary changes. 

Throughout cardiopulmonary bypass pulmonary hypertension may be 
avoided by: 

1. Left auricular decompression, which is the most important single fac¬ 
tor in preventing the development of pulmonary hypertension. 

2. An unoecluded pulmonary arteiy. 

3. Partial bypass after the aorta is undamped until the left ventricle 
has recovered. 

4. Delayed cardiotomy closure following arrest as shown in these studies. 
However, clinically each patient must be treated individually depending upon 
the left auricular and central venous pressure response. 

5. The maintenance of a normal systemic arterial pressure with a normal 
or reduced blood volume. 

6. The assurance of an uninterruiited venous return to the pump. 

We wisli to express our appreciation to Mary Blizabetli Garrard and Boyd Perry for 
their teehnieal assistance. 


RKFERENCES 

1. Mathes, iM. E., Holman, E., and Reichert, P. L.: A Study of the Bronchial, Pulmo- 

narj’’, and Lymphatic Circulations of the Lung Under Various Pathologic Con¬ 
ditions Experimentally Produced, J. Thoracic Suug. 1: 339, 1932. 

2. Wood, D. A., and ^Miller, M.: The Role of the Dual Pulmonary Circulation in Various 

Pathologic Conditions of the Lungs, J. Thoracic Surg. 7: 649, 1938. 

3. East, T., and Barnard, W. G.: Pulmonary Atresia and Hi-pertrophy of the Bronchial 

Arteries, Lancet 1: 834, 1938. 

4. Verloop, M. C.: The Arteriae Bronehiales and Tlmir Anastomoses With the Arteria 

Pulmonalis in the Human Lung: A Microanatoniical Study, Acta Anat. 5: 171, 
1948. 

5. Nordenstrom, B.: Temporary Unilateral Occlusion of the Pulmonary Artery, Acta 

radiol., Suppl. 108, 1954. 

6. Miller, W. S.: The Lung, ed. 2, Springfteld, 1947, Cliarles C Thomas, pp. 79-88. 

7. Liebow, A. A., Hales, M. E., Harrison, W., and Lindskog, G. E.: The Genesis and 

Functional Implications of Collateral Circulation of the Lungs, Yale J. Biol. & 
Med. 22: 637, 1950. . , . , _ . , , 

8. Bruner, H. D., and Schmidt, C. F.: Blood Flow in the Bronchial Artery of the Anes¬ 

thetized Dog, Am. J. Physiol. 148: 648, 1947. , , t. • ^ 

9. Bloomer, W. E., Harrison, W., Lindskog, G. E., and Liebow, A. A.: Respiratory 

Function and Blood Flow in the Bronchial Artery After Ligation of the Pulmo¬ 
nary Artery, Am. J. Physiol. 157: 317,1949. 1 -,r 11 

10. Littlefield, J. B., Ingram, P. R., Blanton, F. S., Jr., Damniann, J. F., Jr., and Muller, 
W. H., Jr.; Bronchial Artery, Left Auricular Blood Flow: Its Relation to 
Pulmonary Damage in Extracorporeal Circulation, Surg. Forum 8: 428-432, 195 • 



Volume 36 
Number 4 


DISCUSSION 


617 


greit of prL\cuting (.nibohz'ition (if our c\perionce with mitrnl biflles 

19 any guide), we liivt gi^ou attention primarily to the establishment of a prosthetic 
lortic tukcoff at the apex of the left \entncle nhis prosthetic aorta contains the "valie 
and 19 anastomosed end to side to the thoracic aorta just above the diaphragm The con 
cept IS of course not original with us It has had many advocates including Donovan, 
Hufnagel, Bailey and, especiallj., Saiuoff Once a satisfactory new outflow tract without 
gradient is provided, certainly the natural tract containing the aortic stenosis would cease 
to have significant function In the e\ent of aortic insufliciency, surgical obstruction of 
the damaged aortic valve should not be diflicult However, these attractive adventures 
in replacement are not realities and will not be available Tvathxn the life span of nnnj 
of our patients who are now symptomatic from aortic stenosis I will address mjself to 
the available corrective surgical techniques at ai other point in the program 

Wo must recognize the flue work and attempts at objectivity bj Dis Austen, Shau, 
Thurlbeck, and Scannell in studying the hemodynamics of aortic stenosis and Its coirtc 
tion However, when one uses static flow states to stud} valves that operate under 
pulsatile conditions, when tJie time of opening and the time of closure of leaflets are not 
taken into consideration, when linear relationships between valve onliccs, pressure, aud 
flow are assumed when the curves are exponential, aud flnall} when this group assumes 
that their corrective techniques are the only po‘»sible or at least the best it is possible to 
come to erroneous conclusions I do sinceiclj congratulate these capable men on their 
earnest effort at objectivity but urge them to use something like the ilcHillau puJsotor 
for their studies This mij alter their corrective techniques, their results aud their 
clinical approach At least it has done so for us 

The conclusion that open operations are necessary to avoid embolus is <iin|.h not 
consistent with our experience This experience with calciflc aortic stenosis in a ults w 1) 
be reviewed tomorrow In the first 100 consecutive operations, death from n bol is i 
curred only in the first patient, and this was the only case where head vessti cclusio 
was not used as a protective technique 

In short, I rise to object rcspectfullj to the application of stable flow studies to a 
pulsatile flow situation Wo use the McMillan pulsator for these studies and our conclu 
sions are different 

DE THOMAS C ilOOKE, Indianapolis, Ind—I wisli to congratulate Dr Eobmson 
and his associates on thtir interesting study relative to the problem of pulmonary arterj 
replacement and bypass Although we have had no direct experience with experimental 
pulmonary artery replacement m our laboratorj at tho Didmna University Medical Center, 
we have had cousiderable experience with vascular replacement in similar critical areas 
during the past several jears Some of our observations maj be pertinent to their ex 
periencts with pulmonary artery replacement 

Our investigations have been carried out on dogs and have concerned the problems 
of vena cava replacement and of rex>laccmeut and bypass of small arteries, including the 
carotid, ftpioral, and coionary arteries We have found fresh autogenous arterial grafts 
to be quite superior to either freeze dried oi alcohol preserved arterial honjografts m small 
artei} replacement Furtliermore, we have found the use of grafts of fresh autogenous 
aorta to bo the most successful in the replacement of resected segments of superior vena 
cava Iho autogenous aorta v\as obtained bj resecting a portion of aorta and reestablish 
mg aortic continuity by means of an aortic liomograft Ihis tjpc of superior vena cava 
replacement was carried out in 33 animals In all 33, studied up to 1 year after place 
ment, the vena cava replacement had repaired, patent and free of narrowing and thrombosis 
formation In both these critical areas of vascular replacement, tho autograft was shown 
to bo clearly supeiior to tho homograft 

With respect to the problem of pulmonary arteiy replacement, I should like to sug 
gest tho experimental use of both fresh autogenous systemic artcr} aud fresh autogenous 
vein It is like!} that both these tvpes of grafts would prove to bo superior to tho pre 
served homograft for piilmonar} arterj replictiuent 
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nothing sliort of total valvular replacement would suffice. We have found that a variety 
of techniques may be necessary, depending upon the variation in the presenting patho¬ 
logic lesions. The addition of valve substance in the form of compressed Ivalon to the 
shrunken cusp may in many instances correct the regurgitation. Either one or two cusps 
have had the addition of this plastic material secured on the aortic side with complete 
relief of the regurgitation. 

The second problem has been the proper method bj*^ which the aortic valve could be 
exposed for a sufficiently long period to allow definitive surgical correction without the 
deleterious effects of myocardial anoxia. Aortic occlusion with and without cardioplegic 
drugs will allow successful exposure of the valve if only a short time is required. In our 
experience, retrograde coronary sinus perfusion has not increased either the safety or 
length of time that the aortic valve can be exposed without deleterious effect upon the 
myocardium. For the past several years, w'e have been attempting to develop a suitable 
technique for direct coronary perfusion. Such a technique, requiring special cannulae, 
was recently successfully used in the correction of aortic regurgitation in a 30-year-old 
white man. The coronary ostiae were caimulated through the aortic incision with a flow 
rate of 250 c.e. per minute. The myocardium was kept well oxygenated for the 47 minutes 
required for the correction of the aortic regurgitation, which entailed the plastic correction 
of the valve cusps as well as the addition of valvular substances to allow cusp approxi¬ 
mation. (One-minute movie strip demonstrating the procedure.) 

DR. ROBERT TROUT, Philadelphia, Pa.—We have been pursuing the problem of 
valvular prosthesis for some 14 months at Presbyterian Hospital in Philadelphia. We have 
been working on the theory utilizing an in vitro biologic membrane, that is autogenous or 
homologous, for expediting the production of pseudoopitholium on material we felt was 
suitable for the fabrication of the valve. The material now being used is a Dacron mesh, 
nylon having been discarded. We have been able to initiate and to perpetuate for some 
9 months now, two basic tissue cultures of canine fibroblasts; one of these is an embryonic 
culture taken originally from the tendo-Achilles of embryonic pups, and the second from 
the rectus fascia of the adult mongrel dog. 

This slide shows adult fibroblasts enmeshing the Dacron fibers as it forms a fine 
smooth covering. 

This slide illustrates embryonic tissue from our culture. You will note that the cells 
are somewhat different in shape; we have not yet been able to evaluate the significance 
of this, if indeed there is any. 

This slide shows a tissue-culture covered tag; this is not a valve but merely a tag 
of cloth which has been previously coated and placed, in the thoracic aorta to test the 
reaction. It is noted that the cells are viable. This one was in place for some 2 weeks. 
We now have in place such tags for up to 3 months, having produced aortic iusufficiencj' 
to ensure flaplike motion of the material. 

(slide) Here w^e see the tag of embrjmnic tissue 2 weeks following implantation; 
above you can see the aortic wall. This is the tip of the tag lying free in the aorta with 
additional fibroblasts being laid down by the host. 

This slide shows the design of the valve. It is a single cusp typo of valve which 
is sutured to the fibromuscular base of the two coronary cusps, following resection of the 
diseased valve, then sutured up the side of the aorta as you can see. This is done through an 
incision in the base of the aorta over the posterior cusp. This has worked very nicely in 
autopsy specimens and the valve has been found to be efficient when cheeked on the pulse dupli¬ 
cator. We are now going ahead wdth autogenous tissue and valve implantations in animals. 

DR. DWIGHT E. HARKEN, Boston, Mass.—^We congratulate Dr. Roe and his col¬ 
leagues on their modest presentation of ingenious wmrk on prosthetic valves. In attend¬ 
ance here are the men who most clearly sense the problems and are most likely to offer 
solutions to the problems of irreparably damaged valves. 

Our efforts have been stimulated by Dr. Vaunevar Bush who has designed and 
fashioned a variety of prosthetic aortic valves for us. Impressed with the difficulty of 
excision and replacement of the extensively damaged aortic valve and recognizing the 
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(lifficiiUj Of preventing cmballz^tlo^ (if our cxperunco vuth mtriusie mitral bvfllts 
js any guide), we have given attention pnmanlj to the establishment of a prosthetic 
aortic takeoff at the apex of the left ventnele aius prosthetic aorta contains tho valve 
and IS anastomosed end to side to tlic tlioracic aorta just above the diaphragm The con 
cepfc IS of course not original with uv It has had many advocates including Donovau, 
Ilufnagel, Bailej and, espceiallj, Sarnoff Once a satisfactory new outflow tract without 
gradient is provided, cortainlj the natural tract containing the nortie stenosis would cease 
to have significant function In the event of aortic insufficiency, surgical obstruction of 
tho damaged aortic valve should not bo difficult However, these attractive adventures, 
in rcplacLmcnt aro not realities and will not be available avithm the life span of manj 
of our patients who are now sjinptomatic from aortic stenosis I will address nijself to 
the available correctiv e surgical tochuiques at another point lu the program 

Wo must recognize tliL fine work and attempts at objectivity bj Drs Austen, Shaw, 
Ihurlbeck, and Scaiincll lu studjing thu iicmodynaiiiics of aoitic stenosis and its correc 
tion However, when one uses static flow states to study valvts that operate under 
pulsatile conditions, when the tune of opening and the time of cIosuih of leaflets arc not 
taken into consideration, when linear relationships between valve orifice'!, pressure, and 
flow aro assumed when the curves are ovponential, and finally wht/n this group assume'^ 
tint their corrective techniques arc M e onlj possible or at least the best, it is possiblt, to 
come to erroneous conclusions I do smcerelj congratulate these capable men on their 
earnest effort at objectivitj but urge them to use •»oniet)ung like tho ■\rcAIiJlan pulsator 
for thoir studies Tins maj alter thur corrective techniques, their results and their 
climcal approach At least it has done so tor us 

Tho conclusion that open operitions ire necessary to avoid embolus is simply not 
coaaisteut with our experience llus experience with calcific aortic stenosis in adults vnll 
bo reviewed tomorrow Xu tin. first 300 con«-cc jtive apcntions, death from embolus oc 
curred only in the first patient, and tins wis lie oal ci « r-ltjc 1 al ve scl ocihiaion 
was not used as a protective technique 

In short, I nso to object rc^ptclfullj to t) v apjhcation or stable flow srudics to a 
pulsatile flow situation We use the ■'IcWilbu pulsator for these studies and our conclu 
sions are different 

Bn THOilAS C 'Moonc, III! diiapolis, Iiia —I wiih to congratulate Dr Kobiasoa 
and Ills associutes on tlicir iiitoreiti l. stud} relatiio to tlie p oblcui of pulmomr} artery 
replacement and bypass Altliougii i e have bad no direct esperience Tvitb L^Jcriinental 
pulmonar} artery replacement lu our luboiator} at tbo Indiana Unrrersit} bledieal Center 
UO have had considerable el.poru,n iiith nscular replacunent ra similar critical aroaa 
during tho past scioral joars Sii ot our obsenatioiis uiaj be pertinent to their cc 
periLiices rvith pulnionarj arter} re( cement 

Our investigations have been rued out on dogs and have concerned the problems 
of vena cava replacement and of i ilacement and b}pas‘i ot small arteries, including tho 
carotid, fepioral, and coronary arte i.s We have found fresh autogenous artenW urafts 
to bo quite superior to either free/ lued or alcohol presen ed arterial homografts iii small 
liter} replacement Fnrthermore we have found tho use of grafts of fresh autogenous 
aorta to bo the most successful in tie replacement of resected segments of supeiior vuia 
cava Tho autogenous aorta vv is cl tamed b} resecting a portion of aorta and reestablish 
lug aortic continuity by means of on aortic homograft This tvpe of superior vena can 
replacement was carried out in 3" animals In all 33, studied up to 1 year after place 
ment, the vena cava replacement had reparred, patent and free of narrowing and thrombosis 
formation In both these ontrcal areas of vascular leplaeemeat, tho autograft ivas shown 
to be ekaxly superior to the homograft 

With respect to the problem of pulmoaary arterj replacemunt, I should to si 
Stst the experimental use of both fresh autogenous systemic arterj au 
It IS likely that both these tjpes of grafts uould prove to be s j 
■'V'vtd homograft foi pulmoiiar} artery nplacemeiit 
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Dli. KALPH D. ALLEY, Albany, N. Y.—Dr, Littlefield has very nicely covered the 
significance of bronchial collateral flow in open heart surgery. The cardiac defects ac¬ 
companied by increased bronchial collateral flow are those defects in which pulmonary 
stenosis is a component. I arise to point out that bronchial arterial expansion is also 
seen in chronic pulmonary disease states and, therefore, the occasional patient witli a 
congenital cardiac defect without pulmonary steiiofiis as a component but who has even 
a small area of chronic pulmonary disease, may present a problem because of increased 
bronchial collateral flow. 

In support of this point, 1 wish to pre.sent a case which illustrates acquired ex¬ 
pansion of the bronchial arterial collaterals in perhaps its most exaggerated form. Un¬ 
equivocal evidence of a massive left-to-right shunt between the bronchial and pulmonary 
arteries was obtained and will be shown. 

This slide shows the x-ray of the chest of a 53-year-old woman with unilateral sup¬ 
purative disease of 43 years’ duration. The changes demonstrating a destroyed left lung 
require no interpretation. 

This slide is of an angiocardiogram showing filling of the right pulmonary artery 
but no Ailing of the pulmonary artery on the diseased side. This phenomenon has been 
previously documented in similar cases many times, especiallj' b^^ Dr. Steinberg and Dr. 
Dotter. Wo were led, however, to do an aortogram on this jiatieut because, despite the 
absence of systemic hypertension or valvular disease, she had a pronounced left ventricu¬ 
lar hypertrophy on the electrocardiogram. 

(slide) This is the one-second film of the aortogram showing a mass of huge tortuous 
lironchial arteries which preforeutially opacify in competition with the aorta which is 
faintly seen. 

(slide) On the 3-second aortogram film, you see retrograde filling of the left jiuliuo- 
nary artery via the bronchial arterial communications. 

(slide) This shows a bronchovascular corrosion cast of the pneumonectomy specimen. 
The pulmonary artery and collaterals are in red dye, the pulmonary veins in blue, and the 
bronchi in yellow. The bronchial and pulmonary arterial systems filled through an in¬ 
jection of the pulmonary artery. The injection of the bronchi demonstrates the presence 
of multiple lung abscesses and bronchiectasis. 

(slide) This shows a close-up view of the loiver end of the cast. These loops and 
plexiform clusters represent myriads of 1 to 2 inm. communications between the bronchial 
and pulmonary artery systems. 

On cardiac catheterization this patient showed a step-up of 2 volumes per cent in 
oxj-gen content in passing the catheter from the right ventricle into the main pulmonary 
artery. The left pulmonary artery could not be entered. The right heart output w'as nor¬ 
mal. Measurement of the left lieart output by the dye method was attempted but showed 
such massive and early recirculation that it could not be calculated. 

It is unlikely that patients with congenital heart disease will be operated upon with 
extensive pulmonary disease unrecognized, but this phenomenon can be seen in areas of 
bronchiectasis that might be overlooked, and should be borne in mind. ^ 

DK. EOBEET KLOPSTOCK, Brooklyn, N. Y.—Dr. Nenlon and Dr. Gibbon have con¬ 
cluded that the patient’s position does not affect the ventilation required to maintain 
normal carbon dioxide levels in arterial blood. Drs. Arthur Siebens, Austin Grant, and I 
have also been interested in the effects of the patient’s position on respiration and we 
wish to ask one question of Dr. Nealon and to make one observation pertaining to the 
effects of position in patients with pneumonectomies. 

It is well known that when a jjatient is turned onto his side the diaphragm on that 
side is pushed up by the weight of the viscera, the rib cage is compressed by the weight 
of the body, and the mediastinum shifts down, the result of these changes being a reduced 
end-expiratory volume in the inferior lung. The volume of the superior lung, on the other 
hand, is increased, for the upper diaphragm is pulled down and the costal interspaces ex¬ 
pand. Under these circumstances, one might wmll anticipate that the force required to 
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ventilate eacli lung would be increased. This force in the inferior lung would need to 
overcome tlic additional weight of media.stinum and viscera, and in the superior lung 
would need to overcome an elastic resistance which was abnormally increased because of 
the lung’s greater volume. We "vvould like to ask, therefore, wliether Dr. Nealou compared 
the pressures required to maintain equal ventilation in these two positions. Any differ¬ 
ences would probably bo of little consequence in a pressure-cycled mechanical respirator, 
but might be of some consequence in a volume-cycled respirator or during manually ad¬ 
ministered re.spiration. Our question leally become.s, How does the total work of breath¬ 
ing compare in the.se two positions? 

The observation we wisli to present coiicern.s the effects of position in patients ivitli 
pneumonectomies. One might think that, becau.se the effects of positional changes on the 
lung are so con.siderable, the patient with one Jung might breathe to better advantage in 
one position than in another. Eight patients with pneumonectomies were studied in 
.supine, riglit lateral, left lateral, and sitting positions. Oxj'gen consumption, ventilafion, 
and gas composition of arterial blood were measured. It was found that the patient witJi 
a pneumonectomy docs not exhibit a typical pattern of change in alveolar-arterial partial 
pressure gradient, pliysiologic dead space, or alveolar ventilation when variously posi¬ 
tioned. Although some patients did .show .significant changes in one aspect of function or 
another, these were exceptional. In most instances, ventilation, oxygen consumption, ami 
the ventilator}' equivalent were least wdth the patient supine. It was concluded that, 
with few exceptions, the lateral positions offered these patients few advantages, in term- 
of respiration, over the supine position. 

DR. R. JIAURICE HOOD,'Oakland, Calif.—I should like to thank you for the pu\i 
lego of the floor, Dr. William Snow Miller studied pulmonary circulation in dogs in 1026. 
with particular regaid to bronchial aitery circulation. We have been interested in bron 
chial artery circulation for another purpose entirely. It has come to onr attention that 
the bronchial artery circulation of dogs, as set forth many years ago by Miller, is. not the 
same as in human beings. At least this is true in the normal animal and the normal hu¬ 
man being without pulmonary disease. The bronchial artery in the human being supplies 
the parenchyma of tlio lung in contrast to the dog, where it supplies only the bronchial 
tree and stops at the level of the respiratory bronchial. In the normal individual, there 
is only a limited communication between the pulmonary artery and the bronchial artery. 
The dog’s communications .are quite gross. Tltcrefore, I womler about the total applica¬ 
bility of this study to liumaii beings. 

DR. FOREST D. DODRILL, Detroit, Mich.—I should like to comment briefly on the 
paper of Dr. Roe and to compliment him on his basic and fundamental contribution, a 
subject which I have no doubt will be of increasing importance as time goe.s on. Wo 
have had a similar tricu.spid valve for about 3 years, but the difliculty with it seems to 
have been that we could not place it in tlic proper position, namely, below the coronary 
ostia. We liave therefore modified it in order that this maybe accomplished. 

(slide) This is similar to Dr. Roe’s valve and is made of silicone and is very stable. 

This slide shows a modification of the valve. The artificial coronary artcrie.s are 
shown, and you see that the coronary arteries come off ia their normal position as an 
integral part of the valve. 

This slide is a diagram of how the valve is put in. This is done using the cardiac 
bypass, the section of the aorta is excised, the valve i.s sutured in place and the artificial 
coronary arteries arc anastomosed to the natural coronary arteries. 

I might say that we have not had any long-term survivors with this typo of valve. 

I think from the standpoint of these valves there arc three important points. One is the 
construction of the valve so tJiat it functions properly. The second point is the lasting 
qualities of the substances wJiich we use, and I might add that there are a great number 
of chemicals which are rapidly coming on to the market, and it is hoped that some of these 
will be oven more applicable for u.se. Third, is the absorption factor. The silicone ma¬ 
terial which wo use, and which others use, has a water absorption of 0.5 of 1 per cent, so 
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that -K-e think it is helpful if these valves are soaked in heparin sohrtion for 24 or 48 hours 
before they are inserted, so that a small quantity of heparin is gradually released from 
the valve as time goes on. Finally, if the clotting difficulties are unsurmountable, it 
should be kept in mind that it is not inconceivable that patients who have artificial valves 
inserted could be kept on continuous anticoagulant therapy. 

DE. KEITH EEEMTSMA, New Orleans, La.—I appreciate the privilege of the floor, 
and I should like to comment on the papers dealing with pulmonary artery pressures and 
blood flow during extracorporeal circulation. 

The group working with Dr. Creech at Tulane has been interested in pulmonary 
complications following open heart procedures. In particular, the problem of diffusion, 
using the carbon monoxide method, has been under investigation. Determinations in 4 
patients before and at various intervals after open heart procedures showed impairment 
of diffusion postoperatively, and 2 of the patients demonstrated persistent impairment 
2 to 4 weeks after operation. 

The excellent experimental studies presented today suggest a mechanism which 
may be involved in these pulmonar}- complications of extracorporeal circulation. 

DR. THOMAS F. NEALON, Jk., Philadelphia, Pa.—would like to answer- Dr. Klop- 
stoek’s question concerning the pressure necessary to provide ventilation for the patients 
in the supine and lateral position. 

In 5 cases, essentially the same volume of ventilation was necessary in the supine 
and the lateral positions. In 3 of these, exactly the .same pres.sure which was adequate 
in the supine position was also adequate in the lateral position, and we were quite sur¬ 
prised to find that, in the other 2 instances, less pressure was needed to provide the same 
ventilation when the patient was turned. 

DE. W. GERALD AUSTEN, Boston, Mass.—I would like to answer Dr. Harken ^s 
question. ITe certainly agree with Dr. Harken that our experimental situation is not the 
same as in life. However, our data does correlate very well with the clinical situation. 
Moreover, it is the only way we have been able to quantitate regurgitation accurately; 
the accurate evaluation of the degree of regurgitation in postoperative patients has been 
regrettably neglected thus far. Finally, we have also employed a pulsatile system, which 
seems to correlate well with our stead}’’ flow data. 
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/» Memoriam 


RUDOLPH MATAS (1860-1957) 

O N September 23, 1957, the Moild lost one ot tlie most tniiiient pioncoi 
thoracic and vasculai suigeoiis hy the death of Rudolph JIatas Di Alatas 
was a tomidoi member of The Ameiiean Association foi TJioiaoic Suigoiy and 
Its piesident in 1921 Altliough Di JIatas will be lemembeied laigclv foi liis 
woik in vasculai surgery, paitieularly m the field of aneunsms, he will also bi 
lomembeied foi his oiiginal investigative work in thoiacic suigoiy, being one 
of the flist to emphasize the disastious effects of acute surgical pneumothoiav 
At the meeting of the Southein Surgical and Gj nocological Association (now 
the Southein Suigical Association) in 1899, Di Matas i tpoited on intialaiyngtal 
insuflldtion (Iiitralaiyiigeal Insufllatioii foi the Relief of Acute Suigical Piiouino 
thoidv Its Histoiy and Jlethods With a Description of the Latest Devices foi 
This Puipose, J A JIA 31 1371, June 2, 1900) and stated "Until the dangei 
of seriously inteifeiiiig with lespiiatoij functions by iiitiodiicing acute collapse 
of the lung is thoioughly eliminated oi is icduced to a safe minimum, an analogy 
between the pleuia and tlie peiitoneum fiom the suigical point of view will 
iievei e\ist ” In Jlay, 1898, he discussed smgeiy of the chest and emphasized 
the value of the Pell O’Dwjer appaiatus as a method of pieventing and o\ei- 
comiiig the effects of acute tiaumatic thoiav in thoiacic opeiatioiis and, in a 
pieseiitation befoie the Aineiiean Suigical Association in Jfay, 1901 (Aitificial 
Respiiation by Diieet Intialaiyiigeal Intubation With Jlodified O’Dwjei Tube 
and a New Giaduated An Pump Its Application to Medical <ind Suigical 
Piaetice, Ti Am S A 19 392, 1901), he icported the lesults of iniiiial espoii 
mental investigations, which he and Di John Smjth perfoimed, demonstiating 
that a pump emploving negative as well as positive piessuie was actuallj harm 
till He stated "Aftei demonstiatmg to oui satisfaction that the double in 
spiiatoiy and expiiatoij iiump was not a piactical appliance foi aitificial 

Read at the Lxecutl\e Session of Uie Thlrt> cfRhth Vnnual "Meeting of TJie Anjerlcaii 
aXiisocJatlon for Thonclc Surgery at Boston Mass ■\Ia> 17 19d8 
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that -we think it is helpful if these valves are soaked in heparin solution for 24 or 48 hours 
before they are inserted, so that a small quantity of heparin is gradually released from 
the valve as time goes on. Finally, if the clotting difficulties are unsurmountable, it 
should be kept in mind that it is not inconceivable that patients who have artificial valves 
inserted could be kept on continuous anticoagulant therapy. 

DR. KEITH EEEMTSMA, New" Orleans, La.—I appreciate the privilege of the floor, 
and I should like to comment on the papers dealing with pulmonary artery pressures and 
blood flow during extracorporeal circulation. 

The group working with Dr. Creech at Tulane has been interested in pulmonary 
complications following open heart procedures. In particular, the problem of diffusion, 
using the carbon monoxide method, has been under investigation. Determinations in 4 
patients before and at various intervals after open heart procedures showed impairment 
of diffusion postoperatively, and 2 of the patients demonstrated persistent impairment 
2 to 4 weeks after operation. 

The excellent experimental studies i)resonted today suggest a mechanism which 
may be involved in these pulmonary eoinplieation.s of e.xtracorporeal circulation. 

DR. THOMAS F. NEALON, Jr., Philadelphia, Pa.—I would like to answer- Dr. Klop- 
stock’s question concerning the pressure ncces.sary to provide ventilation for the patients 
in the supine and lateral position. 

In 5 cases, essentially the same volume of ventilation was necessary in the supine 
and the lateral positions. In 3 of these, exactly the same pressure which was adequate 
in the supine position w’as also adequate in the lateral position, and we were quite sur¬ 
prised to find that, in the other 2 instance.s, less pressure was needed to provide the same 
ventilation when the patient was turned. 

DR. W. GERALD AUSTEN, Boston, Mass.—I would like to answer Dr. Harken's 
question. We certainly agree with Dr. Harken that our experimental situation is not the 
same as in life. However, our data does correlate very well with the clinical situation. 
Moreover, it is the only way we have been able to quantitate regurgitation accurately; 
the accurate evaluation of the degree of regurgitation in postoperative patients has been 
regrettably' neglected thus far. Finally, we have also employed a pulsatile system, w’hich 
seems to correlate well with our steady flow data. 
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I n Me m oria m 


RUDOLPH MATAS (1860-1957) 


O N Sepi'embeb 23, 1957, the world lost one of the most eminent pioneer 
thoraoie and vascular surgeons by the death of Rudolph JIatas. Dr. llatas 
was a founder member of The American Association for Tboi’acic Surgery and 
its president in 1921. Although Dr. JIatas will be remembered largely for his 
work in vascular surgery, particularly in the field of aneurysms, he will also bo 
remembered for his original investigative work in tlioracie surgeiy, being one 
of the first to emphasize the disastrous effects of acute surgical pneiunothora.v. 
At the meeting of the Southern Surgical and Gynecological Association (now 
the Soutliern Surgical Association) in 1899, Dr. JIatas reported on intralaryngeal 
insufflation (Intralaryngeal Insufflation for the Relief of Acute Surgical Pneumo- 
thora.x: Its Histoiy and Jlethods With a De.sci'ii>tion of the Latest Devices for 
This Purpose, J.A.JI.A. 34; 1371, June 2, 1900) and stated: “Until the danger 
of seriously interfering with respiratory functions by introducing acute coUapse 
of the lung is thoroughly eliminated or is reduced to a safe minimum, an analogy 
between the pleura and the peritoneum fi'om the surgical point of view will 
never exist.” In Jlay, 1898, he discussed surgery of the chest and emphasized 
the value of the Fell-0'Dwyer apparatus as a method of preventing and over¬ 
coming the effects of acute trarunatie thorax in thoracic operations and, in a 
presentation before the Ameidean Surgical Associatio 2 i in Jlay, 1901 (Artificial 
Respiration by Direct Intralaryngeal Intubation With Jlodified O’Dwyer Tube 
and a New Graduated Air Pump: Its Application to Jledieal and Surgical 
Practice, Tr. _iUn. S. A. 10: 302, 1001), he reported the results of animal experi¬ 
mental investigations, which he and Dr. John Smyth performed, demonstrating 
that a pump employing negative as well as positive pressure was actually harm¬ 
ful. He stated: “After demonstrating to our satisfaction that the double in- 
.spiratory and e.xpiratory pump was not a practical appliance for artificial 
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respiration, Ave abandoned the aspirating cylinder entirely in onr worlc aj 
utilized a single insufflating cylinder on the 0’Dwyer principle and found 
perfectly reliable and made it the basis for our practical clinical respirato 
machine.” 

Dr. Matas ivas born in Bonnet Carre, Louisiana, a short distance fro 
New Orleans, on September 12, 1860. His father and mother, avIio Avere nativ 
of the Spanish province of Catalonia, returned to Spain shortly after your 
Rudolph’s birth. In 1867, they left Barcelona and returned to the Unite 
States, Avhere Dr. Matas had his preliminary education in New Orleans and i 
Matamoros, Mexico. He enrolled in the J\Iedieal School of the University c 
Louisiana (iioav Tulane University) in the fall of 1877 and received his Docto 
of Medicine degree in March, 1880. While still an undergraduate medical stn 
dent, he Avon competitively a tAVO-ycar internship at the Charity Hospital an( 
also, Avhile a medical student, Avas appointed to the Havana YelloAv Fever Com 
mission as an interpreter and laboratory assistant. He AA'^ent Avith the Commis 
sion to Cuba in 1879. In 1880, Avhile an intern at the Charity Hospital, h 
assisted at the first laparotomy performed in that institution under Listeriai 
ritual, including the use of carbolic acid spray. In 1882, shortly after grad 
nation, he Avent to IMier, Mexico, to treat an epidemic of yelloAV fever in that city 
In 1886, he Avas appointed Demonstrator of Anatomj' at Tulane University, hold 
ing this position until he Avas appointed Professor of Surgery and Chairman o 
the Department of Surgery in 1894, On his retirement in 1927, he became Pro 
lessor of Surgery Emeritus. 

Dr. Matas’s first endoaneurysmorrhaphy Avas performed on ]\[ay 16, 1888 
when, after attempting to control an aneurysm by proximal and distal ligation 
he found there Avas bleeding through many collaterals Avhich ho Avas able t( 
demonstrate by opening the aneurysm. FolloAving removal of the tournicjuet 
he saAV that blood was coming from various orifices and reasoned that suturing tin 
orifices might control the bleeding, Avhich it did; thus, the operation of endo 
aneurysmorrhaphy Avas accomplished. In commenting on this operation Avhei 
he saAV the AveU patient 10 years later, he stated: “At the time this operatioi 
Avas performed, I had no precedence to guide me. The only Avork that had beer 
done Avas that of Glueck, published in Langenbeck’s Archives, in Avhieli he de 
tailed nineteen experiments in the suture of arteries Avhich had failed to a greai 
extent in spite of the ingenious methods that he devised. The exigencies oi 
the case, hoAvever, made it necessary that hemostasis should be obtained, anc 
the occlusion by suture appeared to be so easy and plain that it seemed to me 
that any surgeon similarly situated Avould instinctively have adopted this simple 
Avay of getting out of the difficulty.” His experience in the treatment ol 
aneurysms Avas enormous because of the great Avealth of material at the Charity 
Hospital, both in spontaneously occurring and traumatic aneurysms. He also 
did considerable experimental investigative Avork, and he and Dr. Carroll Allen 
devised an aluminum band Avhich permitted temporary occlusion of vessels 
without injury to them. Before the American Surgical Association in St. 
Louis on May 2, 1940, Dr. Matas reported a total of 620 operations for aneurysms, 
of Avhich 101 had been treated by the suture method. Another contribution 
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which Dr. Matas made to vascular surgery was elaboration of the hyperemic test 
to determine the adequacy of collateral circulation following obliteration of the 
vessel (Test to Determine the EfSeieney of the Collateral Circulation Before 
Attemping Permanent Occlusion of the Great Surgical Artery, Ann. Surg. 52: 
126, 1910). 

He did more than anyone else to elucidate our concept of the production 
of elephantiasis and its prevention. His first discussion on this subject was 
before the Southern Surgical Association in 1911, and his extensive report in 
1913 (The Surgical Treatment of Elephantiasis and Elephantoid States De¬ 
pendent Upon Chronic Obstruction of Lymphatic and Venous Channels, Am. J. 
Trop. Dis. and Prevent. Med. 1: 60, 1913) is a classic today. Dr. Matas also 
pei’formed the first Koudoleon operation in the Western Hemisphere. The 
original communication by Koudoleon appeared in the Zentralblait fiir Chinirgie 
on July 27, 1912, and Dr. Matas’s first Koudoleon operation was performed on 
October 20, 1912. 

Dr. Matas had tremendous interest in the increasing incidence of thrombo¬ 
embolism. In a report before the International Society of Surgery in Warsaw 
in July, 1929, and in the Donald Balfour Lecture at the University of Toronto 
on April 5, 1932, he emphasized that this was a disease of modern surgery. 

Dr. Matas is known for several “firsts.” He was the first person to use 
intravenous saline iit a surgical patient. He was also one of tlie first to advocate 
gastric drainage and, in 1924, emphasized the value of the indwelling ,)utte tube, 
introduced through the nose. Dr. Matas was one of tlie first to use spinal 
anesthesia and on November 18, 1899, he first used cocaine. He did considerable 
investigative work in the anatomic laboratory to determine the method and best 
site of injection in spinal anesthesia. He devised an apparatus for infiltrative 
anesthesia. He was the first person to differentiate between typhoid fever and 
malaria in Louisiana. 

Dr. Matas was one of the twelve founders of the American College of 
Surgeons in 1913, was president of the College in 1925-1926, and was awarded 
an honorary Fellowship by the College in 1952. Ho was president of the Amer¬ 
ican Surgical Association in 1909, president of the International Society of 
Surgery in 1936, president of the Southei'u Surgical and Gynecological Asso¬ 
ciation (now the Southern Surgical dissociation) in 1910. In 1938, he was 
awarded the first Certificate of Merit by the American Medical Association. 
He was a member of practically every surgical association in the world and 
was an honorary member of most of them. Among his honorary memberships 
were those in the Boyal Academy of Medicine of Barcelona, the Royal College 
of Surgeons of England, the National Order of Carlos Finlay, the Order of 
Leopold of Belgium, the Gorgas Medical Society, the Havana Academy of 
Medicine, and the Spanish Royal Academy. He was made a Knight of the 
Legion of Honor of Prance (Chevalier Legion d’Houneur) in 1932, and was 
given the rank of Officer in 1950. He received the Henry .lacob Bigelaw.AIcdal 
in 1926, and, in 1940, received the Times-Picaijune Lt, ' ■ .nst ■ 

eminent citizen of New Orleans for that year. 
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Dr. Matas was a great student and had an unprecedented fund of inforn 
tion. He was said by the late Dr. AVill jMayo to be the world’s best educat 
physician. One could not help but be impressed by Dr. Matas’s sincerity, ( 
treme courtesy, modesty, and gentleness. If, however, courage and firmn( 
were needed, he was amply endowed with both. In speaking of the medic 
student who faints when he sees his first operation, he stated: “The youth w 
feels and struggles at his first surgical experience shows that he is normal, th 
he is psychically and physiologically sound, he shows that he has feeling, th 
he has a human ciuality that will make him a humane surgeon. He is a me 
who will worry and who will, through his veiy sensibility, feel most keen 
the burden of his responsibility when it will be his turn to be a leader and 
master. It is all wrong for people to believe that the sight of blood is indifferei 
to the surgeon. On the contrary, the older and more experienced he is, tl 
more anxious he is to conserve it and to see as little of it as possible in tl 
course of his operation. Ever}'’ real surgeon is happy when he can speak of h 
bloodless operation, and he is miserable when he has to admit that he has spilh 
much of it in an unavoidably bloody one.” 

Although Dr. j\Iatas retired shortly after the founding of The America 
Association of Thoracic Surgery, he always maintained a keen interest in tl 
Society and its activities as well as in the tremendous developments made i 
thoracic and cardiovascular investigations. We as an organization have great] 
benefited because of his contributions and activities. 

Alton Ochsner, M.D. 

New Orleans, La. 


Original Com ni ii n ications 


INTRATHORACIC PHEOCHROMOCYTOMA 

Including a Case of Multiple Paragangliomas of the Functional 
and Nonfunctional Type 

Heiberl C Maiei, AI D, and Geotge H Htimphteys 11, dl D, 

NewYoik,N Y. 

A w MiEKcsis that a pheocluomocjtoma ma> ocnasioiialU oeciii \ itliin tin 
tlioia\ IS of impoitaiice tiom two aspects If tlit suigton tails to luog 
inze tlie iiatine of such a tuinoi when foiuiil in the chest, seiious oi (.sen fita! 
comiilications may oceui duo to impiopei nianagemont of the patient fiom 
whom such a neoplasm is lioiiig lemovcd On the othoi hand, the investiKation 
of a patient with parosjsiiial oi sustained hipeitcnsion must include locntgcn 
studies of the chest since an iiitiathoiacie pheocluoniocjtoma oi lelatcd type of 
tunioi may be lesponsible foi the blood piessuie elevation In some patients 
moie than one pheoehiomocj toma may be picsent and one of these tumois inaj 
be located iMthiii the thoi,ui 

Since those pheoeln omoeytonias «hicli occui in the usual sites in and around 
the adi dials cannot be Msualized ndiogiapliicallv without sprcial techniques, 
most letropeiitoneal phcochiomoeytomas aie only discoceicd bj special loent- 
gcnogiams or suigical e\ploiation after the patient has developed intmiiittciit 
01 sustained hypci tension and special tests haio indicated that the I 13 pel tension 
is due to abnormally laige amounts of ciiculating noiepinephiine and epincph- 
iine By eontiast, howeiei, ne have lemoicd an intrathoiaeie pheoehionioc}- 
toma fiom 3 patients in whom the paiaceitebial mass was fiist seen loentgen- 
ologicallj at a time when liypcitension was not manifest One of these patients 
was known to have had the tumoi 3 years before hj'peitension was deiuonstialcd 
A second patient had the asymptomatic intiathoiacic pheochiomocytoma re 
moved following the prenous excision of a hy'peitension producing peiiicnal 

from the Surgical Scr\ices Lonox Hill Hospital an 1 the Columbia Preab>tcritip 
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pheoehromocytoma. The third patient had no definite liypertension but the 
mass was demonstrated on a routine chest roentgenogram and the biologic ac¬ 
tivity of the excised pheoehromocytoma was proved by chemical analysis. 

The recent literature attests to the increasing awareness of tlie importance 
of pheochromoeytomas. Yet in many reports insufficient emphasis is accorded 
to the relatively uncommon locations in which this tumor may occur. Often 
discussion is limited to various diagnostic procedures which may aid in the 
localization of the lesion in the adrenal, perirenal, and retroperitoneal areas. 
More emphasis should be given to adequate roentgen examination of the thorax 
since a pheoehromocytoma in the chest is not as rare as the literature to date 
would suggest. The fact that several eases have been seen in one large city and 
yet only a few others reported from other parts of the world lends support to 
this belief. 

As pheochromoeytomas occur in the course of the chromaffin sj'^stem, the 
intrathoracie tumors have usually been found along the sympathetic trunk in 
the paravertebral region just lateral to the heads of the ribs. Such a timior is 
located retropleurally. Usually the growth is a small mass which may be 
flattened out against the inner aspect of the chest wall in the costovertebral 
groove. 

Roentgen demonstration of an intrathoracie pheoehromocytoma may not be 
readily made unless the tumor is large. Since the size of a pheoehromocytoma 
may not necessarily be closely correlated with the degree of its biologic activity, 
a small tumor may nevertheless be very important from the clinical standpoint. 
Radiographic examinations should be done with the following points in mind. 
On a posteroanterior film the growth may be obscured by those mediastinal 
structures which project laterally beyond the lateral margins of the vertebral 
eolunm. Even an aortic knob or the shadows cast by the pulmonary hilum may 
hide the pheoehromocytoma by superimposition of shadows. Obviously the car¬ 
diac silhouette may completely obscure a paravertebral tumor of even consider¬ 
able size if reliance is placed entirely on a single posteroanterior roentgenogram. 
The lateral 'film may not give the help Avhich it often does in costovertebral 
tumors because the pheoehromocytoma is often a rather flat tumor which may 
not cause recognizable density in the costovertebral area. In one of our cases 
the lesion could not be seen on the lateral film even in retrospect. Films taken in 
both oblique projections may be most helpful in demonstration of a small costo¬ 
vertebral tumor, provided overexposure of the film is avoided. 

There are several gross anatomic features of an intrathoracie pheochromo- 
eytoma which should alert the surgeon to the possibility that the tumor which 
he has exposed may be a paravertebral pheoehromocytoma. The first thing 
noted may be the marked vascularity of the pleura overlying the lesion. Numer¬ 
ous small vessels in the tissue adjacent to the tumor may even suggest the possi¬ 
bility of a hemangiomatous growth. The profuse vascular supply of the small 
mass may be further demonstrated by the amount of bleeding which follows 
incision of the pleura even at a slight distance from the tumor. The intra- 
thoracic pheoehromocytoma is usually found to lie in the course of the sympa¬ 
thetic chain as do certain other neurogenic neoplasms. The gross appearance 
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of the pheochroniocytoina suggests a soft glandular growth rather than the 
usual more firm consistency of most neurogenic tumors. The pheoehroinocytoma 
is otten a dark reddish blown in color. 

When the surgeon encounters a mass with such gross characteristics of a 
plieoehromocytoina, he should be particularly alert if the patient has ever had 
blood pressure readings of a fluctuating type or shoivn hypertension. But 
even in the absence of such evidence the possibility of pheochromoeytoma may 
not be dismissed as one of onr cases demonstrates Changes in the circulatory 
status of a patient with a plieochromocytoma may occur so rapidly during manip¬ 
ulation and e-veision of tlie tumor that preparedness is essential The surgeon 



A. B 

Fig 1—Case 1 A, Posteroantenor roentgenogram of chest shons a small rountled mass 
projecting from the meaiastlnal shadows Just below the arch of the aorta 

B, Oblique view shows mass in left costo\ertebral region extending from the flfth to 
the seventh ribs. 


should inform the anesthetist of the possibilities and lequest a very close ob¬ 
servation of the cireulatoiy status, with blood piessurc leadings every few 
minutes during the remainder of the operation. Norepinephrine should he 
made immediately available in case hypotension develops after occlusion of 
the blood supply of the tumor. Manipulation of the growth should he kept to 
a miniinum so as to lessen the libeiation of pressor substances into tlic blood 
stream with a possible hypertensive crisis. Phontolamine (Hegitine) should 
he given in adequate doses if much elevation of blood pressuie oceiiis. Pathologic 
e.'iamination of the excised tumor by inunediate frozen section is advisable. By 
tins means a pheochromoeytoma may be distinguished from other neoplasms 
found in the thorax. The surgeon is then better able to guide the patient’s 
postoperative therapy. 
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plieoehromocytonia. Tlic third patient had no definite hypertension but the 
mass was demonstrated on a routine chest roentgenogram and the biologic ac¬ 
tivity of the excised pheoehromocytoma was proved by cliemical analysis. 

The recent literature attests to the increasing awareness of the importance 
of pheochromoeytomas. Yet in many reports insufficient emphasis is accorded 
to the relatively uncommon locations in which this tumor may occur. Often 
discussion is limited to various diagnostic procedures which may aid in the 
localization of the lesion in the adrenal, pexfirenal, and retropei’itoneal areas. 
More emphasis should be given to adecpiate roentgen examination of the thorax 
since a pheoehromocytoma in the chest is not as rare as the literature to date 
would suggest. The fact that several cases have been seen in one large city and 
yet only a few others reported from other parts of the world lends support to 
this belief. 

As pheochromoeytomas occur in the eour.se of tlie chromaffin s^’^stem, the 
intrathoraeic tumors have usually'’ been found along the sy^mpathetic trunk in 
the paravertebral region just lateral to the heads of the ribs. Such a tumor is 
located retropleurally'. Usually the gi’owth is a small mass which may”^ be 
flattened out against the inner aspect of the chest wall in the costovertebral 
groove. 

Roentgen demonstration of an intrathoraeic pheocliromocytoma may not be 
readily made unless the tumor is large. Since the size of a pheoehromocytoma 
may not necessarily be closely correlated with the degree of its biologic activity, 
a small tumor may nevertheless be very important from the clinical standpoint. 
Radiographic examinations should be done with the following points in mind. 
On a posteroanterior film the growth may be obscured by' those mediastinal 
structures which project laterally beyond the lateral margins of the vertebral 
column. Even an aortic knob or the shadows cast by' the pulmonary hilum may 
hide the pheoehromocytoma by superimposition of shadows. Obviously the car¬ 
diac silhouette may' completely obscure a paravertebral tumor of even consider¬ 
able size if reliance is placed entirely on a single posteroanterior roentgenogram. 
The lateral'film may not give the help which it often does in costovertebral 
tumors because the pheoehromocytoma is often a rather flat tumor which may 
not cause recognizable density' in the costovertebral area. In one of our cases 
the lesion could not be seen on the lateral film even in retrospect. Films taken in 
both oblique projections may be most helpfid in demonstration of a small costo¬ 
vertebral timior, provided overexposure of the film is avoided. 

There are several gross anatomic features of an intrathoraeic pheoehromo¬ 
cytoma which should alert the surgeon to the possibility that the tumor which 
he has exposed may be a paravertebral pheoehromocytoma. The first thing 
noted may be the marked vascularity of the pleura overlying the lesion. Numer¬ 
ous small vessels in the tissue adjacent to the tumor may even suggest the possi¬ 
bility of a hemangiomatous growth. The profuse vascular supply of the small 
mass may be further demonstrated by' the amount of bleeding which follows 
incision of the pleura even at a slight distance from the tumor. The intra- 
thoracie pheoehromocytoma is usually found to lie in the course of the sympa¬ 
thetic chain as do certain other netirogenie neoplasms. The gross appearance 
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of tho pheocliromocytoma suggests a soft glandular giowtli rather than the 
usual more firm consisteney of most neurogenic tumors. The pheoehiomocytoma 
is often a dark reddish brown in color. 

When tho surgeon encounters a mass with such gross characteristics of a 
pheochromoeytoma, he should be particularly alert if the patient has ever had 
blood pressure readings of a fluctuating type or sliowii hypertension. But 
oven in the absence of such evidence the possibility of pheochromoeytoma may 
not be dismissed as one of our cases demonstrates. Changes in the circulatory 
status of a patient tvitli a pbeoebromocytoma may occur so rapidly during manip¬ 
ulation and excision of the tumor that prepaieduess is essential. The surgeon 



A. r. 

PJff 1—Case 1 . A. Posteroantcrioi roentgenogram of cliest shows a small roundetl nnss 
projecting from the meuiastinal shadows Just below the arch of the aorta 

B, Oblique view shows mass in left costovertebral region extending from the fifth to 
the seventh ribs. 


should inform the anesthetist of the possibilities and lequest a very close ob¬ 
servation of the circulatoiy status, with blood pressure leadings every few 
minutes during the remainder of the operation. Norepineplirine .sliould be 
made immediately available in case hypotension develops after occlusion of 
the blood supply of the tumor. Manipulation of the growth should he kept to 
a minimum so as to lessen the liberation of pressor substances into tho blood 
stream with a possible hypertensive crisis., Pbentolamine (Ecgitine) should 
be given ni adequate doses if much elevation of blood pressure occurs. Patliologie 
ovaminatioii of tlie o.veisod tumor by immediate frozen section is advisable. By 
tills means a plieoebromocytoma may be distinguished from other neoplasms 
found in the thorax. The surgeon is then better able to guide tlie patient’s 
postoperative therapy. 
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CASE REPORTS 

Case 1—(Previously reported by H. C. M.s) Tliis man had a costovertebral tumor dem¬ 
onstrated on a chest roentgejiogram when he was 22 years old and asymptomatic. Tiiree 
years later he complained of fatigue, nervousness, palpitation, occasional dizziness, headaches 
and sweating. The blood j^ressure was then between 210/120 and 190/100 mm. Hg. The 
roentgenograms showed no change in the size of the tumor (Pig. 1). At operation the possi- 
bilitiy of a pheochromocytoiua was considered and frequent blood pressure readings taken. 







A—. J. . 


Fig. 2 .—Case 1. Photomicrograph of plieocliromocytoma. The characteristic arrangement 
of tumor celis in globules separated by capillaries is shown. Insert shows chromaphilia 
granules. 


The blood pressure dropped precipitously just after the tumor was removed but responded 
somewhat to Adrenalin. Hypotension persisted during the first postoperative day. The 
blood pressure then rose agam to a lange between 180/110 to 100/100 mm. Ilg. Not until 
2% years later was the blood pressure normal. The patient was well and normotensive 10 
years later. Pathologic examination of the tumor revealed a pheochromocytoma (Pig. 2). 

Comment: This case suggests that the patient with a pheochromocytoma may change 
from an asymptomatic status to a symptomatic hypertensive state without obvious 
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enlargement of the tumor. Excision of a pheochromocjtoma may sometimes be followed 
by a gradual return of the blood pressure to a normal level although usually a rather rapid 
decrease occurs. 

Case 2.—J. C. (L.H,H,18-1-171), a 48-year-oId man, had no complaints when ho was 
examined in a cancer detection idinic ui November, 1954. Physical examination was essen¬ 
tially negative. Blood pressure was 120/76 mm. Hg. Roentgenogram of cliest .showed a 
rounded mass witli smooth, well-defined, outer border located at the level of the right hilum, 
measuring about 5 cm. in diameter (Fig. 3). The lesion could not be definitely located on 
the lateral view. It was at first incorrectly assumed that the density was situated near the 
ascending aorta. On fluoroscopy, the posterior location of the mass was detected later. 

When seen by one of us (H. C. M.) in Januaij', 1955, a history was obtained of an 
occasional pain radiating down from the right lower thoracic region to the abdomen. A 
neurogenic tumor was suspected and operation recommended. 





3.—Case 2. Posteroanterior roentgenogram iliows a small rounUeiT mass flnilJcateU hi’ 
arrows) projecting out sliglitly from the mediastinum at the level of tlje right hilum. 

At thoiacotomy a soft, sliglitly lobulntcd tumor Vi'us fov\nd in the right costovcTtcbcwl 
area at the level of the seventh and eighth thonicic vertebrae. Tlie tumor was retropleural 
and flattened out against the chest wall; the sympathetic trunk traversed the mass. A num¬ 
ber of blood vessels entered various portions of tlie tumor. The possibility of a pheoeliromo- 
cytoma was considered when the tumor was exposed l^ecausc of the similarity to the appear¬ 
ance of the tumor in Case 1. Frequent blood pressure readings were taken as the growth 
was excised but no significant deviations occurred. Considerable bleeding was associated 
with removal of this 4 by 5 by 1.5 cm. pheochromocytoma. 

The postoperative course was uneventful and there were no significant blood pressure 
changes. 

Pathologic examination revealed a pheochromocytoma. No mito-ses were seen. Occa¬ 
sionally tumor cells were seen in the lumen of blood vess>cls. Schmurl .stains ga\o a positive 
chromaffin reaction. 

The tumor .specimen was analyzed by' Dr. Marcel Ooldenl ' foun' 'iitaiii 2.S 

mg. of norepinephrine per gram of tumor tissue, ami nonmea . ■' ' ic. 

The patient was well 39 months after operation. 
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Comment: This ease might have been considered as a iionfuiictioning paraganglioma 
if chemical analysis of the tumor had not been made. Tlie gross appearance at operation 
was the first time that the diagnosis of pheochroraocytoma was considered; this suspicion was 
confirmed by immediate pathologic examination. This case illustrates the fact tliat a func¬ 
tioning pheochromocytoma can be present in the absence of hypertension. It is not justified 
to conclude that the absence of hypertension rules out pressor activity. 

Case 3.—P. D. (P.H.844975.) This patient at the age of 8 years had first noted some 
difficulties in vision, but ophthalinological examination was normal. During the next several 
years there were episodes of emotional instability and variable visual disturbances. On Oct. 
4, 1943, at the age of 11, he was admitted to the Columbia-Presbyterian Medical Center 
(Babies Hospital) following ophthalmological examination which revealed retinal exudate, 
and a blood pressure of 230/190 mm. Hg. The eye findings in this case have been reported 
by Bruce.2 



Fig. 4.-r-Case 3. (G.U. 7 109—^X-133.) Photomicrograph o£ the partly degenerated retro¬ 

peritoneal tumor removed from the renal area in October, 1946. Tlie organoid paragan- 
gliomatous pattern is easy to recognize. 

During work-up he had episodes of severe pounding headache, pallor, sweating, ab¬ 
dominal pain, and nausea, during which blood pressure rose to 270/210 mm. Hg, with a 
pulse rate of 150. Benzodioxane tests showed a drop of blood pressure to 138/110 lasting 
only a few minutes, but subsequent to this there was a slow and progressive fall in blood 
pressure. Pyelograms showed evidence of hypoplastic right kidney. 

First operation; Oct. 29, 1943 (Dr. George Cahill). Operation revealed a globular 
tumor, 4.5 by 4 by 2 cm. in dimensions, attached to the right renal vessels and closely 
applied to the inferior vena cava. The right kidney was hypoplastic, the right adrenal 
normal. The kidney and tumor were removed together. During operation, blood pressure 
rose to 160/110 mm. Hg during manipulation of the tumor, fell to 85/50 just after the 
tumor had been removed, and stabilized at 110/80 at the close of the procedure. Pathologic 
study revealed a pheochromocytoma with extensive central necrosis (Pig. 4). 
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Following optrition, Ins pic'^bure remained normal at approMmately 120/80, liis eye 
signs icgrcssed, and lie recovered without complication, being discliarged ou No\ 12, 1946, 
14 dajs after operation 

Two jears later, m Sept, 1948, at the age of 13 a. routine x ray of the chest revealed 
a rounded shadow of homogtncQUb dcnaitj and smooth border projecting from the mediastinum 
lU the right posterior ehest at the loiel of the sixth rib (Fig 5) He was admitted to the 
Columbia I’resb^tenaii Medical Center (Prisbytenaii Hospital) on Dec b, 1948 At this 
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time he appeared to bo entirely well and asymptomatic. The nephrectomy wound was well 
healed, his blood pressure was 110/70 mm. llg, blood count and urinalysis were not re¬ 
markable. 

Second operation; Dec. 8, 1948 (Dr. George Humphreys). A soft, e.xtremely vascular 
tumor about 5 cm. in diameter was found protruding from tlie posterior chest wall between 
the fifth and sixth ribs. It apparently rose from the flftli dorsal ganglion since tlic sympa¬ 
thetic chain entered it at its upper pole and left at its lower pole. It was closely applied 
to the azygos vein and numerous large thin-walled veins ran from the azygos and the adjacent 
intercostal vessels over the tumor. All vessels surrounding the tumor were first ligated, after 
which the tumor was separated from the fifth and sixth ribs to which it was closely applied. 




















Pig. 6.—Case 3. (A-lOOOl—X-133.) Photomicrograph of the paragangliomatous tumor 
removed December, 1948, from tlie paravertebral area at the level of the fifth dorsal sym¬ 
pathetic ganglion. 


There was no evidence of extension through the intervertebral foramen. During manipulation 
of the tumor, blood pressure rose from a preoperative level of 90/60 to 160/80 nun. Hg, 
falling again at the close of the procedure to 90/50. Pathologic examination revealed a 
27-gram pheochromoeytoma of typical histology (Pig. 6). 

He made an uneventful recovery and was discharged on Dec. 17, 1948, 9 days after 
operation. Por 5 years he remained well. In January, 1954, ho developed a mass in the 
right lateral neck. 

Third operation; Peb. 7, 1954, at Hackensack Hospital. A well-encapsulated tumor 
was removed which proved on section to be a nonciiromaffin paraganglioma of carotid body 
type (Pig. 7). 

Three years later, on July 24, 1957, he rvas again admitted to the Columbia-Presbyterian 
Medical Center (Neurological Institute) complaining of progressive numbness of the legs, 
loss of control in walking for 2 months, and back pain for 3 days. X-rays showed evidence 
of a destructive lesion of the fifth thoracic vertebra and physical examination showed evidence 
of cord compression at this level (Fig. 8). 
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Fourth operation: Aug. 5, 1957 (Dr. James W. Correll), There was severe spinal 
cord compression throughout the area of the laminectomy wiiicli extended from the second 
to tlie seventli thoracic vertebra. The tumor was found to overlay tlie spinal cord dorsally, 
to extend to the right and around the spinal cord ventrally. The tumor was entirely in 
tlie epidural space. The dura was not opened. At the termination of the procedure, the 
spinal cord was well decompressed with the tumor extruding through the area of the laminec¬ 
tomy and allowing the spinal cord to returii toward its normal position. The tumor was 
extremely vascular. Excision of a small segment resulted in a copious loss of blood. Since 
the tumor extended ventral to the spinal cord and since it involved the vertebrae and medias¬ 
tinum, no attempt at wide excision was "uide. Hemostasis was achieved with eleetrocautery 
and Gelfoam. Blood pressure remaim,^^!^ throughout the procedure at 14.0/80 mm. Hg, 
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well as some thspnea, poljiui.i, and noetuiia At 33 ^eals ot ago he cspC' 
iienced a left hemiplegia The lieait was eiilaiged and the blood piessuie 
laiied bctneiii 170 mm Hg and 220 nnn Hgsistohe while the diastolic pies 
sine level was about 120 mm Ilg Roeiitgenogiapliic examination of the chest 
showed a miss at the ktt apex posteiioilj, which did not mo\e on swallowing 
and did not compicss the tiachca The patient also had a Iloiiiei's S 3 iidrome on 
the left side Six jeais latei the patient had an acute eoioiiaij oeelnsion and 
died Ill congestive heait faihne At autopsy, a film mass about the size of a 
plum was found at the apex of the left plciiial cavity The mass was not at 
tached to the lung and was easily shelled out In addition to the tunioi, the 
autopsy levcaled myoeaidial infaiction and marked aiteriosclerosis of the 
coioiiaiy aiteiies, aoita, and icnal vessels 

Oveiholt, Ramsay and Meissnei” lepoited a case of an intiathoiaeic pheo 
ehiomoejtoina iii a 16 yen old boy who had no known hyiieitension prior to 
opeiatioii Chest loentgenogranis hid dmionstiated a paiavoitohial tumoi on 
tlio left side of the cliest m the icgion of the fouith to the scieiith veitebral 
bodies Othei than mild heat intoleiaiice the patient was asymptomatic and 
his picopoiatne blood piessuie was 110/75 mm Hg Duiing the early poition 
of the opeiation whieli w is iiiideitaken with a pieopoiatue diagnosis of nemo 
fibionia, the blood piessuie lose to 240/160 iiim Hg and the piescnce of a 
pheocluoniocitonia was suspected The sy’stoho blood piessuie leniained at 180 
mill Hg until the blood supply to the \aseulai tumoi was luteiiupted, then 
thcie was a diop in blood piessuie to 90/70 mm Hg hut additional blood and 
Neosyiiephiiiie eleiated the piessure to a systolic leiel of 170 mm Hg Due to 
the xaseulaiity of the tumoi, a total of 1,500 c c ot blood was gueii duiiiig the 
operation Nc\ertheless, in the caily postopciativo peiiod the blood piessure 
again declined to a systolic level of 40 mm Hg and, although theio wasngaiii 
a uspoiise to Neosy nephiine, the piessuie was in the lange of 70 mm Hg systolic 
duiiiig most of the fiist 24 hoiiis The patient then made an unoyentful reeoyeiy 
and had a noinial blood piessuie upon dischnigo flora the hospital Pathologic 
examination leyealed the typical findings ot a plieochromocy toma but no biologic 
assay of the tumoi yyas pufoiiued 

Nisseii” lepoitcd on a ease of hypeitensioii iii a 22 yeai old yvomaii A 
thoiaeolunihai sympathectomy yvas undeitaken and, dmiiig the operation on 
the hrst side, a phcochromocytoma yvas found along tlie thoiaeie sympathotie 
eliaiu and lemoved The blood piessuie became noun il following this opeiation 
and yvas still normal 214 yeais latei 

Cone and associates’ lecciitly leyieyvcd 34 lepoited cases of phcoehiomocy' 
tomas in childien In one of then cases a eliest loentgenogiam had shoivii a 
paiaveitebial mass in the right side ot the chest in tlie icgion of the seventh and 
eiglith thoiaeic veitchiae winch yvas proved at postmoiteni cxammatioii to be 
ail lutiathoiacic phcoehioiiiocytoma The child died following opeiation for 
massive mtestnial bleeding Autopsy also revealed a pheocluoinoey toma m each 
adrenal gland The mtostinal hciirorrhagc had apparently been due to an oe 
clusiye endartciitis with infaietion of tlie intestine secondary to the maiked 
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Fourth operation: Aug. 5^ 1957 (Dr. James W. Correll). There was severe spinal 
cord compression throughout the area of the laminectomy which extended from the second 
to the seventh thoracic vertebra. The tumor was found to overlay the spinal cord dorsally, 
to extend to the right and around the spinal cord ventrally. The tumor was entirely in 
the epidural space. The dura was not opened. At the termination of the procedure, the 
spinal cord was well decompressed with the tumor extruding through the area of the laminec¬ 
tomy and allowing the spinal cord to return toward its normal position. The tumor was 
extremely vascular. Excision of a small segment resulted in a copious loss of blood. Since 
the tumor extended ventral to the spinal cord and since it involved the vertebrae and medias¬ 
tinum, no attempt at wide excision was made. Hemostasis was achieved with electrocautery 
and Gelfoam. Blood pressure remained steady throughout the procedure at 140/80 mm. Hg, 
except for a short period when (presumably due to blood loss) it fell to 110/80, returning 
with transfusion to the original level at the close of the procedure. The histologic diagnosis 
was paraganglioma of the extradural space. 

Following operation, temperature rose to 103° F. for 2 days, then fell to normal, and 
he recovered without further complications. 

X-ray therapy was begun at the Neurological Institute by Dr. Juan Taverns and com¬ 
pleted at the Hackensack Hospital by Dr. Erie J. Ryan. At the Neurological Institute, 1,200 
r in air were given over the dorsal spine from Aug. 15 to Aug. 21, 1957. At the Hackensack 
Hospital 1,500 r in air were given from Aug. 22 to Aug. 29, 1957. 

Following operation, the patient showed evidences of progressive improvement. With 
the assistance of physiotherapy, he rapidly became fully ambulatory. Convalescence was 
complicated by homologous serum jaundice treated at the Hackensack Hospital. Fortunately, 
this was mild. In November, when last seen, he was carrying out all his usual activities 
and was preparing to return to the religious organization to whicli he belongs. At this 
time, neurological examination showed no evidence of abnormality. A satisfactory course 
continues. 

Comment: This case is extraordinary in several respects. The patient has developed 
thre._ (and possibly four) independent tumors of the paraganglionic type. The first was a 
functional chromaffin paraganglioma or pheochromocytoma associated with the right kidney. 
The second was an intrathoracic tumor of the same type originating in the fifth dorsal 
S 3 ’mpathetic ganglion. The third was a nonehromafiin paraganglioma of the right carotid 
body. Nine years after removal of the intrathoracic pheochromocytoma, an intraspinal tumor 
developed at the same level. This was also a paraganglioma, presumably chromaffin. Al¬ 
though extension into the foramen was looked for and not seen at the time of removal of 
the thoracic tumor, it is quite possible that the intraspinal tumor was a "dumbbell” extension 
of the thoracic tumor. It is unlikely that it arose from a dorsal root ganglion as an inde¬ 
pendent tumor. Multiple primary paragangliomas have been described-i but the finding of 
both nonchromaffin and chromaffin types in the same patient is very rare .12 Since the last 
tumor was not removed, it is probable that the final chapter in this case is not yet complete. 


REVIEW OF LITERATURE 

The first intrathoracic pheochromocytoma, an incidental finding at autopsy 
in a 39-year-old woman, was reported by Miller^^ in 1924. The tumor was in 
the right costovertebral area at the level of the sixth rib, and was about the size 
of two walnuts. The report did not state whether the patient had had hyper¬ 
tension. 

The second report of an intrathoracic pheochromocytoma also diagnosed at 
autopsy was by Philips^® in 1940. This man was 39 years old at the time of 
death, but was known to have had hypertension since the age of 29 years. He 
complained of episodes of cardiac palpitation and throbbing in his head, as 
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Voii Eulei and Stiom* lepoitcd a sciics of cases of plieochiomocytoma and 
included 1 case of a 31 yeai old man. witU multiple tiiraois in the thora\ and pei 
sistent liypei tension 

In addition to the eases cited abo\e, thcie aie almost certainh otheis nliich 
have been lepoited as paiaKangliomas Godwin and associates" lepoited a case 
of paiaganglioma ot the uppei posteiioi niediastiniim The patient had a noimal 
blood piesbuie but the gloss and micioscopic desciiption of the tumoi seem 
suiiilai to the findings in a pheochiomocj toma 

DISCUSSION' 

Roentgen demonstration of a tiimoi along the coiiise ot the tlioiatie sjmpa 
tlietic chain in a patient with hypeitcnsion leqttiies consideiatioii ot the diagno¬ 
sis of plieoeliromoeytoiiia Deteiiiiinatioii of the iiiitiaij catechol esciction is 
then in ordei In some eases of intiatboiaeic pheoehiomoci toma, the giontli maj 
bo detected ladtogiapliieally befoie bjpciteusion oi othei cluneal eiideiKc of 
its chemical aotmty maj be appaient In such eases the iiiiiiais cattohol e\ 
cietion may bo noimal Out cases demonstintc that a change in si/c of the 
tumor iiiav not iiocessaiih accompaiiv the tiaiisitioii lioni a non In peitcnsni 
to a lij pot tensive state But a noimal blood piessiuo does not neeissaiilv iimii 
that the pheoeliioiiiocj toma does not contain piessoi substances Cheiiiieal 
anals'sis ot such tumois will fuitbei elucidate the coiielation between the eliin 
cal and cheimcal findings 

It IS beyond the scope of this papei to gne a leiigthv discussion ot tin laigi 
vaiiety of sjiiiptonis which niaj occiii m patients with a plKodiiomocvtoma 
Although, Ill most eases, lupei tension of some tjqie is a significant fliuling tin 
absence of hypeitension in some patients with a chemicalh active pheoiluoniocv 
toma has alieady been indicated A patient with a plieocliiomoev toma vvliicli 
secietcs suificient iioiepiiiephime and cpiiiephiine to pioduce svmptoms miv 
manifest ceitaiii signs and sjiiiptoiiis not iisualh' found in patients witli essen 
tial hv'peitension Excessive sweating, peiiplieial vasoiiiotoi plnnomina due to 
vasoconstiiction, elevated body tcinpeiatuie, slightly elevated lasting blood 
sugar, somewhat elevated basal metabolic late, tachjeaidia, and glveosuiia ina> 
be pieseiit It can leadily be seen why such patients may be contused with eases 
ol livpeithyioidisni and mild diabetes inellitiis 

Pheochiomoeytoiiias aie ficquentlv multiple, theicfoie the demonstiatioii 
of a pheochioiiiocy toma in one of the common locations does not iiieclude the 
piesenee oi anothei tuiiioi within the tlioiax The tiniioi iiiav show tamilial oc 
cuiience It is sometimes associated with neuiofiliiomatosis Jlaligiiant iiietas 
tases may also be actively secictiiig 

In leeeiit viais, additional laboialoiv melliods ot diUiting the picscncc 
of a tuiietioning plieoehiomoeytoiiia Inivc been developed These tests depeuel 
on the (|Uantitative deteiinin.ition of the picssoi aiiiiiKs in the blood oi iiimc 
by liiioiiiiietiie anahsis Elevated levels of epniephime and noiepinephime in 
the blood aie usually deiiionsti.ited if the patient has a snst.inicd hvpertension 
but noiiiial conceiitiations of piessoi amines ni.iv be found in some patients 
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atheromatous changes produced by the severe hypertension which this cachectic 
8-ycar-old patient had manifostod. The pheochromocytoma in the thorax 
weiglicd 20 grams and contained 1.8 mg. of norepinephrine per gram of tumor 
tissue. This was a somewhat lower norepinephrine content than was found in 
each adrenal tumor. This patient’s mother and younger sister also had a 
pheochromocytoma. In children, the incidence of bilateral and extra-adrenal 
pheochromocytoma is more common than in adults. Of 3-1 cases reported in 
children, a tumor was in the right adrenal in 13, and in the left adrenal in 
8, in both adrenals in 9, and extra-adrenal in 7. Thus, a total of 46 tiimors was 
found in the 34 children. The intrathoraeic pheochromocytoma reported by 
Cone^ is the first reported case of an intrathoraeic pheochromocytoma in a child. 

McLeish and Adler’® reported a ease of intrathoraeic pheochromocytoma 
with hypertension in a 19-year-old male who noted pain in the left side of the 
chest following exercise. The pain was usually preceded by nausea. The patient 
also complained of sweats, tachycardia, faintness, and headaches. Eoentgeno- 
grams showed a small tumor at the seventh rib on the left side. Cure followed 
.successful removal of a 26-gram tumor. 

Apparently the secretion of pre.ssor amines is not limited to pheochromocy- 
tomas because INIason and eo-woi‘kers® demonstrated noradrenaline in a thor¬ 


oughly documented ease of intrathoraeic neuroblastoma. Their patient was 
a 5-month-old babj’’ girl who had attacks of pallor, sweating, and rapid breath¬ 
ing lasting a few hours with apparent well-being at other times. Koentgeno- 
grams demonstrated a large rounded mass in the costovertebral area. During 
the attacks the blood pressure was elevated and fever was sometimes demon¬ 
strated; the attack could be abruptly ended by intravenous phentolamine. There 
was an increased amount of pressor aminos in the urine, especially during one 
of the attacks. A preoperative diagnosis of intrathoraeic pheochromocytoma was 
made and thoracotomy revealed a pink tumor arising from the loft sympathetic 
chain. During and immediately after operation the characteristic blood pressure 
fluctuations, such as are encountered in the removal of an actively secreting 
pheochromocytoma, were observed. INIicroscopic examination of the tumor, how¬ 
ever, showed a characteristic neuroblastoma and a lymph node contained a 
metastasis. Postoperatively the blood pressure fell to a normal range in 1 week 
and no further attacks of pallor, sweating, or dyspnea occurred. The child was 
well 1 year after operation. Assay of the 50-gram tumor showed it to contain 
0.14 mg. of pressor amines per gram of tumor. 

Wahl and Robinson’® reported a case of neuroblastoma of the mediastinum 
with pheoehromoblastomatous elements. The patient, a 4-year-old boy, died of 
a neuroblastoma in the upper posterior thoracic region Avhich had metastasized 
diffusely. ]\Iicroscopic examination of the primary tumor revealed a sympa- 
thogonioma with mixed ncuroblastie and pheochromoblastic elements. Transi¬ 
tion could be seen between primitive nei’ve cells and the eln’omaffin cells. The 
metastases wore all of the embrj'onic neuroblastomatous type whereas the diffei- 
entiated elements were present only in the primarj' growth. The child s blood 
pressure was not mentioned. 
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Von Eulei and Stiom' icpoitcd a senes of eases of plieoeliioinoc} toina and 
included 1 case of a 31 yeai old man nith multiple tumois m the thoia\ and pti 
sistent livpei tension 

In addition to tlie cases cited aboie, tlicio aio almost ceitainlj otheis wliieli 
have been repoited as paiagangliomas Godisin and associates lepoited a cisc 
of paiaganglioma of tlie nppei posteiioi mediastinum The patinit bad a noimal 
blood piessuie but the gloss and micioseopic deseiiption of tlie tiinioi seem 
siinilai to the findings 111 a pheochromocytoma 

DISCUSSION 

Roentgen denionstiation of a tuinoi along the coiiisc of tin thoiacie sMupa 
thetic chain in a patient with liypeitension leqiiues consideiation of the diagiio 
SIS of plieoeliroinocjtoma Deteimmatioii of the iiiniiij catechol escietion is 
then 111 ordei In some cases of intiathoiacie pheochioniocj toma, the giontli may 
be detected ladiogiaphically bcfoie In pel tension 01 othei tlinn il etidenti ot 
its clieimcal actnitj may be appaunt In such easts the utniaij citechol tv 
cietion may be noimal Oui cases demonstiatc that a ehangt in si/e ol tin 
tuiiioi mat not neeessaiily accompain the tiansition fiom a non Inpiitensnt 
to a Inpoitensue state But a noinnl blood piessuie does not necessaiil} me in 
that the pheochioniocj toma does not contain piessoi substances Clicnucil 
analjsis of such tumois will fuitbci elucidate the coiielation betwien the clini 
oal and chemical findings 

It IS betond the scope of this papci to give a Icngtln discussion ot the liigi 
\ainty of sjmptoms which niaj occui in patients with a plnochioiitoeitoma 
Although, in most cases, hjpei tension of some type is a signific int finding the 
absence of liypeitension in some patients with a chemicallv nctm plioocliiomoi.\ 
toma has alieadj been indicated A p.itient with a plicochiomoti tom i winch 
seeietes sufficient uoiepinepliimc and cpinepliiine to piodiicc simptoms mai 
manifest certain signs and sjmptoms not usuallj found in patients with cssen 
tial Inpeitension Bveessive sweating, pciiplicial vasoiiiotoi iilnnoiiuii 1 due to 
lasoeonstiictioii, elevated bodj Icmpeiatuie, sliglith ileiatcd fisting blood 
sugar, somewhat elevated basal metabolic late, tachjcaidia, and glvtosuiia may 
be picsent It can leadilj be seen wh\ such patients nia\ be coiitusid with easis 
ol lijpeithyioidism and mild diabetes mcllitus 

Pheoehromoevtoinas aic fitqncntlv multiple, thiietoic the diiiionstiiitioii 
of a plieochiomocvtonia in one of the common lontions dois not piccltido the 
piesenec of anotliei tiiiiioi within the tlioiav The tiiiiioi 111.11 show familiiil oc 
euirence It is sometimes associ.ited with luuiofilnoin itosis iralignant met is 
tases iiiav also be ittiiili suicling 

In iLCiiit ii.us, additional laboiiloii methods of dekiting the iiusenee 
of a tuiictioiiiiig plieoehioiiioejtoiiia bail been diielopid Tin so tests dipiiid 
on the i|iiaiititativc deteiiinnatioii of tin piessoi amiins in the hlood ot mine 
hj flnoiinntiie aiiahsis Eleiated leiels ol cpmeplniin and noiepnieplitine in 
the blood .no iisiialli demoiistnted if the paliint has a siist.innd Inpeitension 
hut normal coneeiitiations of piessoi .ainiins m.n he louiid m 
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with paroxysmal hyportonsion unless the test is done at the time of a spon¬ 
taneous or induced elevation of blood pressure. Elevated concentrations of 
pressor amines in the blood may also be found in some patients with renal 
insufifieiency, increased intracranial pressure and lymphoma in the absence of 
pheoehromocytoma. The elevation of the catccliol level in the blood of some 
cases of uremia is due to impairment in the renal secretion of these substances. 
It inio-ht 1)0 expected, therefore, that severe renal disease a.s.soeiated with a 
pheoehromocytoma might cause a reduction in the catechol output in the urine. 

In some eases, the augmented secretion of catechol amines occurs intermit¬ 
tently but in the majority of cases it is continuous. According to von Euler 
and Strom,^" there is a good agreement between the proportion of norepinephrine 
and epinephrine in the tumor and in the urine. While norepinephrine is in¬ 
creased in the urine in most all cases of secreting tumors, epinephrine is in¬ 
creased only in certain eases. In no instance in their series was an increased 
content of epinephrine alone found in the urine or tumor. Von Euler and Strom 
have investigated the possibility of localizing a pheoehromocytoma by the cate¬ 
chol amine level in samples of the venous blood taken bj’- catheter in various 
portions of the caval system in a case of multiple, possibly malignant, intra- 
thoraeic pheoehromocytoma; samples from the inferior caval vein and the 
branchiocephalic veins did not contain norepinephrine but a high concentration 
appeared in the superior vena cava at the level where the azygos vein enters. 

The body position of the patient during operation and the choice of anes¬ 
thetics may be of importance for the catechol amine I'olcase from the tumor. 
The urinary output of catechol amine .should be determined after operation in 
order to ascertain the completeness of the surgical treatment. A high arterial 
blood pressure after an apparently successful operation may be due to an essen¬ 
tial hypertension existing before the presence of the tumor, or to vascular 
changes secondary to the period of elevated blood pressure caused by the tumor, 
or may be produced by remaining ixudetected tumor tissue elsewhere. 

Von Euler and Strom'" reported on the norepinephrine and epinephrine con¬ 
tent of 15 pheochromoeytomas removed from patients with liypertension. The 
norepinephrine content varied from 0.2 to SA mg. per gram of tumor. In T 
cases, the norei)inephrinc was less than the 2.8 mg. pei- gram found by Golden- 
berg in our case without hypertension but, in most of these, the tumor was larger 
and thus the total norepinephrine content was greater. Thus, a relatively high 
norepinephrine concentration may be present in a small tumor without hyper¬ 
tension being manifest at the time. The epinephrine content of a pheoehromo- 
cytoma is usually considerably less than the norepinephrine concentration. Ac¬ 
cording to von Euler and Strom, the pheoehromocytoma producing only norep¬ 
inephrine is usually situated more or less away from the adrenal glands. Our 
intrathoi’acie pheoehromocytoma which was analyzed b}'’ Goldenberg showed only 
nonmeasurable traces of epinephrine. 

The anesthetic management of tlie patient with known or suspected pheo¬ 
ehromocytoma refiuires special consideration.' In tlie selection of anesthetic 
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agents, diugs which icndei tlie patient paitieulailj Milneiable to oiiculatoij 
depiessiou would seem to he inad\isable but, on the othei hand, an excitement 
stage would appeal to be liighlv imdcsiiablc because it might well cause an undue 
outflow of piessoi substances tioin the pheoehi 0111003 toiii.i and thus lesiilt 111 an 
hypertensne ciisis Ciclopiopane would seem to be inadvisable because of the 
possibilit}' of piedisposiiig to caidiac iiiitalnlity m the piesence of a high piessoi 
level in the blood Spinal anesthesia would not be coiisidcicd foi an intrathoiaeic 
pheochioiiioevtoiiia and would seem undcsiiablc anvwav The chief objectives 
ill anesthetic management seem to be a smooth induction unassociated with any 
hjpoxia 01 hypeicaibia 

The anesthetist must take veij' fieqiieiit blood piessiiie leadings beeaiise 
of the lapid fluctuations which mav oceiii Regitine should be given it the 
blood piessuie becomes unduly elevated dm mg the peiiod befoie the pheo 
ehionioeytoma is iciiioved Aftci excision of the tiimoi when 1 piecipitoiis diop 
in blood piessiiie tieqiieiitlv oecuis, laigo amounts ot norepinephiine mav be 
lequiied to iiiaintain the blood piessuie at a safisfactoiv level These jiatieiils 
may leqiiiio niiioiints of noicpineplnine vvhieh would be highlj excessive foi 
individuals not pievioiislv adapted to high blood piessoi levels 

The hteiatiiie attests to the gioat dangei of a siiigical piocediiic peifoiiiied 
foi some othei disease upon a patient with an unsuspected pheoehioiiiocj tonia 
The magnitude of the opoiative pioctdtuc mav not be of gieat impoitanci la 
cause seveie and fatal hj'peitensive and hjpoteiisive ciises have ocouiiid with 
anesthesia and iclativelv miiioi singical pioceduies In mij’ pitieiit who mam 
fosts siieli unexplained circuhitoij deiangcmeiif the possihilitv of an iindiag 
nosed pheoehromoej toma must be entei tamed The 1 oeiitgenogram of the cliist 
must be piopcilj seiiitinized foi anv evidence of even a small costoveitibial 
mass as a pait of the total investigation although it is fai iiioie likely tint a 
pheochioiiioevtonn, if pieseiit would be locitid 111 01 iieai the adieiials 

Some authois have implojed the teim paiagaiigliom i foi phcochiomocj 
tomas which occui outside the adieiials It seems illogical, howivei, to utilize 
a diffeieiit teim ioi a tiimoi ot the same histologic and biologic eh u icteiistiis 
meiely hecaiisi it oecuis 111 a dilleient aiiatomie loc itioii 'Moieovei, these 
tumois aie deiived tiom the ehiomaffin svstem whothi 1 thvv ue m tin adien.il 
aiea 01 aiise 111 othei paits of the bodv One iiason foi the designation ot the 
extia adieiial pheochiomocv tomas as pai igangliomas is the iccogni/ed tact th.it 
the piesence 01 ahseiice of a positive chioinite icaction m iv depend m pait on 
the fixing and staining technique cmploved Ilowevei, the significant t ictoi is 
whethei 01 not the tumoi piodnces iioKpiiiephimo 01 ejniiephime 01 hotli It 
IS this biologic ehaiaeteiistie which sets these tiimois aput But since these* 
piessoi snbsfanecs mav he piiscnt m the tnmoi without livpeitension being 
manifested by the patient, it is obvious the chemie.il .ni.ilvsis of the neoplasm 
IS the final eiiteiioii in doubtful eases Thus, some tumors lepoitod naia 

gangliom is m noimoltnsive individuals Ill IV utiiilh t pi ij 

tomas 
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All analysis of the literature on pheoeliromoeytoma gives multiple indica¬ 
tions that these tumors have been frequently missed on routine postmortem ex¬ 
amination. The difficulty in finding the tumor when it is of small size is well 
illustrated by 1 case in which seven surgical procedures were undertaken be¬ 
fore the pheoeliromoeytoma was finally located. 

In 1951, Graham" reported on an analysis of 207 cases of pheoeliromoeytoma 
with hypertension collected from the literature. In addition he encountered 41 
reports of cases of tumor in which there was little or no clinical data and 32 
cases of the neoplasm with no evidence of hypertension. Since that report, many 
additional cases have been published. It is evident that an increasing aware¬ 
ness of the possibility of pheoeliromoeytoma accounts for the more frequent re¬ 
ports in recent years. ^Moreover, an increasing number are being recognized in 
childhood and a greater number in unu.sual locations are being reported. In the 
past few years several cases of pheoeliromoeytoma in the urinary bladder, which 
resulted in hypertensive episodes associated with micturition, have been diag¬ 
nosed. 

The nonchromaffin p:iragangliomas found in the chest include tumors aris¬ 
ing from the aortic bodies.' These rare lesions are not associated with lij^per- 
tension. In reference to our Case 3, Avith carotid body tumor and pheochromocy- 
toma, it is interesting to note that some Avorkors have reported tlie extraction 
of a blood pre.ssurc lowering substance from a carotid body tumor. Thus, the 
question has arisen Avlietlier, Avhen both typos of tumors arc present in the same 
patient, each might produce an antagonistic effect on the secretion of the other.*- 

SUM.AI.VKY 

Paroxysmal or sustained hypertension in a patient Avith a tumor in the 
costovertebral region of the thorax should lead to the consideration of an intra- 
thoracic pheoeliromoeytoma. AVhcu operatwe manipulation of a soft vascular 
costovertebral tumor produces considerable fiuctuation in blood pre.ssure, even 
though no preoperative hypertension Avas recorded, the .surgeon must consider 
the possibility of a pheoeliromoeytoma and take precautions to aimid hyperten¬ 
sive and hypotensive crises by appropriate drug therapy during operation. 
Since pheoehroniocytomas may be multiple, an iiitrathoracic location must be 
considered as a possibility. Adequate roentgen examination of the chest com¬ 
bined Avith urinary catechol excretion determinations are the principle diagnostic 
aids. Surgical excision can effect a cure if instituted sufficiently early and with 
proper safeguards based on recognition of the nature and behaA^ior of the tumor. 
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An analysis oi; the literature on pheochromocytoina gives multiple indica¬ 
tions that these tumors have been frecpiently missed on routine postmortem ex¬ 
amination. The difficulty in finding the tumor when it is of small size is well 
illustrated by 1 case in which seven surgical procedures Avere undertaken be¬ 
fore the pheochromocytoma was finally located. 

In 1951, Graham*’ reported on an analj'sis of 207 cases of pheochromocytoma 
with hypertension collected from the literature. In addition he encountered 41 
reports of cases of tumor in which there was little or no clinical data and 32 
cases of the neoplasm with no evidence of hypertension. Since that report, many 
additional eases have been published. It is evident that an increasing aware¬ 
ness of the possibility of pheochromocytoma accoiuits for the more frequent re¬ 
ports in recent years, ilorcover, an increasing number are being recognized in 
childhood and a greater number in unusual locations are being reported. In the 
past few years several eases of pheochromocytoma in the urinary bladder, which 
resulted in hypertensive episodes associated witli micturition, have been diag¬ 
nosed. 

The nonchromaffin paragangliomas found in the chest include tumors aris¬ 
ing from the aortic bodies.' These rare lesions are not associated with hyper¬ 
tension. In reference to our Case 3, Avith carotid body tumor and pheochromocy¬ 
toma, it is interesting to note that some Avorkers have reported the extraction 
of a blood pressure lowering substance from a carotid body tumor. Tims, the 
question has arisen Avhether, Avhen both types of tumors arc present in the same 
patient, each might produce an antagonistic effect on the secretion of the other.'- 

SUMAI.VKY 

Paroxysmal or sustained hypertension in a patient Avith a tumor in the 
costovertebral region of the thorax should lead to the consideration of an intra- 
thoracie pheochromocytoma. When operative manipulation of a soft vascular 
costovertebral tumor produces considerable lluctuation in blood pressure, even 
though no preoperative hypertension Avas recorded, the surgeon must consider 
the possibility of a pheochromocytoma and take precautions to aA'oid hyperten¬ 
sive and hypotensive crises by appropriate drug therapy during operation. 
Since pheochromocytomas may be multiple, an intrathoracic location must be 
considered as a possibility. Adequate roentgen examination of the cliest com¬ 
bined Avith urinary catechol excretion determinations are the principle diagnostic 
aids. Surgical excision can effect a cure if instituted sufficiently early and Avith 
proper safeguards based on recognition of tlic nature and behaA’ior of the tumoi. 
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THE MANAGEMENT OF STAPHYLOCOCCIC TENSION 
PNEUMATOCELES BY INTRACAVITARY SUCTION 
TUBE DRAINAGE 

Elton Watkins, Jr., Ai.D., and Alexander C. Hering, Commander (AlC) USN 
(by invitation), Boston, ALwi. 

W HEN infant lung tissue is infected with staphylococcic organisms, the pat¬ 
tern of inflaininatoiy response predisposes to various tension phenomena 
within the pneumonic area. The multiple small abscess cavities represent de¬ 
fects in the pulmonaiy parenchyma subject to the disimptive elasticity of sur¬ 
rounding intact lung. The small bronchioles are filled with plastic exudate and 
cellular debris so that they function as valves, permitting air to enter the dis¬ 
eased tissue with each inspiration but limiting expiratory deflation. Tension 
areas cannot decompress by the mechanism of collateral ventilation because the 
surrounding lung is consolidated. 

Frequently this sequence results in pleural perforations causing tension 
pyopneiunothorax. It is also the cause of the large pneumatoceles commonly 
seen during convalescence. Although pneumatoceles woixld appear to be sequelae 
of the pneumonic episode (being most impressive in roentgenograms exposed 
during convalescence), they do appear on occasion during the acute pneumonic 
episode. The high incidence of early tension pyopneumothorax would suggest 
that the train of pathologic events which ultimately causes pneumatoceles is 
initiated with the primary necrotic infection and that pneumatoceles might 
be expected in any phase of the illness. They must either be obscured or 
actually prevented from expanding by pneumonic cojisolidation and by pneumo¬ 
thorax compression of the potential cystic spaces. 

Although the pneumatoceles may assume alarming dimensions they have 
little influence iipon the patient’s well-being in the convalescent period—usually 
disappearing in time without treatment. However, the effect of a tension pneu¬ 
matocele appearing in the phase of acute pneunronia may be quite different. 
Infants in the acute stages of staphylococcic pneumonia are desperately ill, and 
the slighest derangement of a precarious ventilatory reserve may be lethal. 

A consideration of the mechanism of production of pneumatoceles in this 
illness suggests that the actual amount of lung tissue damaged is slight and that 
the large size of the cystic area is the result of ballooning of small necrotic 
foci acted upon by positive pressure gas forces. For this reason and since, 

From the Uepartinent of Surgery, The Lahey Clinic, Boston, and the Surgical and 
Pediatric Services of the United States Naval Hospital, Chelsea, Mass. 

Read at the Thirty-eighth Annual Meeting of The American Association for Thoracic 
Surgery at Boston, Mass., May 16-18, 1958. 
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pneumatoceles ace known to clibappear over the course of months, leaving a 
normal-appearing lung, tins would appear to be the situation par excellence for 
the utilization of cmiscrvatiw intubation methods in an cifort to preserve a 
maximum degree of lung function. It must be cleariy demonstrated that the 
course of the pneumonia is being influenced adversely by early ballooning of 
such a pneumatocele and, conseiiuently, that some form of surgical treatment is 
necessary to pte.serve life 

As we obsoi’ved an uicreasing number of infants with staphylococcic pneu¬ 
monia on our Dependents’ Service at the Chelsea Xaval Hospital after 1056, we 
eneounteied a rare situation in which two pneumatoceles caused ventilatory 



Fjff. 1—Inflanini.itory changes m staphylococcic pneumonia pictlisposlng to tiic later 
iJpveJopnjent 0 / tension c>Ats The intense iniJannnatory' response has resultcil in the forma¬ 
tion of two microscopic abscess cavities (A). The small bionchus communicating with the 
lower abscess is undeigoing nccrosii, and is fllieU witli cellular debris and c.xudatc (B). 

distress in an infimt during an iiente pnenmonic episode, .Suction drainage u is 
used to tide this infant over the critical period. It proved to he the only ft il- 
ment nceossiiry for inanagoment of the air cysts. At tluit time we wen not 
aware of atiy otlier application of intracavitary suction drainage in this d sease. 
Kecently, numerous e.xeellciit articles on staphyloeoeeic empyema luave 1 ought 
up the possibility of applying suction tube drainage to .stapiiyloeoecic pi. umato- 
eeles. A precise documentation of its actual application and valiu itowever. 
has not appeared. It is likely tiiat Wallraan, Godfrey, and V’-tson balnl 
ey.sts in 2 infants in tiie acute stages of staphyloeoeeic pile.- ' ' cir 

description does not permit us to draw conclusions as t 
the procedure. Recently, Rakower and Wayl- report 
drainage caused the rc&olution of a pneumatocele treate 
sidonee of pneumonia. 
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CLINICAL L-XI'KimiNCE LEAllINL 10 THE AIT'LIC VTION 01' INililCVI IT II!\ bl'CTION 

Between Jnmiaii, 1656, aiul .Vpnl, B)5S, Me tieated III infants willi pneii- 
nionia iiltributable to staiib.i locoeeic infeplion. In each instance, tlie ora.niisin 
could be cultured troin blond, empyenia Iluid, sputuin, or throat sivabbings 
The last-mentioned eultiiie souice ivas leliahlc in indicating tiie offending patho¬ 
gen since ('aeJi of tile 12 patients- piesented characteristic sigms of sfapliylococcie 
disease • empyema, tension pyopneumotliorax, pneumatocele, or a combination of 
sueli eoniplieations. Baetonologic studies demonstrated the expected resistance 
to penicillin, streptomycin, and the tetraej dines, with sensitivity to chloram¬ 
phenicol, erythromycin, and Albaiiivcin. Analysis ol hemolytic activity and 
coagulase activity was incomplete. Phage t\ping uas not earned out 



Fir i —Dlrtorentiatlon of an atypical pleural pocket from pneumatocole 

Le/t V tension pncuntotliorax may be mlsintciprcted as i pneumatocilc b> an tn 
experienced obber%er aV small pneumatocele in the colInpisCil rlciiit lunR demonstritea the 
ciiaracteriatic rounded appearance anti aui roiintlinR UmR tissue, features not iMdenccd b\ 
the elongated tension pneumothorax 

RioJit A later film demon'll! ated expansion of the right lung posterior to the |)jopn»*ii- 
motliorax pockt-t The pneumatoct'le is nou irregular m appearance, probably is a result 
of resolution of Vronchlal inflammation and decompression of the cj st 

The 12 patients rauged iii age from 1 rveck to 6 yo.us. Eight weic under 
1 year of age. No se.\ predilection was apiiarcnt in the sm.ill series, 7 ot the 
patients were males and 5 ivere tcmalcs P.vopneiimothoia'c was the sole pleural 
complication, oeeuiriiig in 7 of the 12 patients .\li ot the patients with em¬ 
pyema liad an a.ssociated air leak. Two patients M-ith small aecnmnlations ol 
air and e.iudate could be managed by needle aspiration alone. This was utilised 
as the sole means of treatment only when to.xieity was slight, the iiockets were 
small, and acennmlations wcie slow in dcvelo]iing. The siislaiiied maintenance 
of negative intrapleural prc.ssiiie after aspiration iras an indication tor the 
continuing application ot needle aspiration If any suggestion of to.xicity or 
rapid accumulation of Iluid or an was observed, tiorar iiituhatiou was eai- 
ried out, connecting the No. 16 Fr catheter to suction of -10 to -15 cm. ot 
water. One patient did not come under our caie until a small iiocket of fluid 
and air was well on the way to lesoiptioii without tlie aid ot needle asoL •'tioii. 
Since pneumatoceles suhse(|UC‘iitlj de\ eloped, ive have 11- ^ 

plication in this case as pyopneumotliorax, although wo 1 
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.IS to llic cluiactti ot the flmfl lutiaplouial tulKS weie lenuned wlu'u the 
lungs uc’ie evpanded, piossuie fluetuations weie slight, and onli attei 24 hom 
peiiods of cl.nnping ncic not associated ^^Ith icappe.ii.iiRc ot au oi tluid 

It was inteiestnig to note that the 9 iiit.nits in ulioni pnenmatoceks dt 
veloped showed roentgen <\idencos of ejst foimation eaih, mthiii 10 to 29 d.a\s 
aftei onset of the pmnmonia In most of the 9 infants, plcmal coinpheations 
and tOMCity fiom the pneumonic pioccss weie well on the waj to lesohition 
once the pneumatoceles appealed Howciei, in 1 case, the pciiod of tosicitj was 
pioloiiged and the infant showed pleuial disease and lentilatoij distuiliaiice .is 
.1 lesult ot ballooning ejsts duiiiig the acute illness 

This patient was ticated suceessfiillj by intiaca\itai\ suction tube diain- 
age We did not considti tube diainago ncccss,iij in any of the ollici patients 
111 whom pneumatoceles de\ eloped In seseial ot these patients, the cssts as 
Slimed alarming piopoitions on the loentgenogiam and, in 1 infant, dispnea 
was attiibiitahle to cjst distention Howevei, the pncumatocchs usolved in 
evciy instance as we patientl}' adheied to the doctinie of masteifnl inaetivit) 
Of the 4 patients ni whom ptopiieiimothoia\ did not detolop, pneiiinato 
celes developed siibseriueiitly in each, while each ot the 3 patients w itlioiit ))nou 
matoceles had a laige pjopneumothoias. iciiniiing intubation We bate hjpoth 
esized that pleuial aecuiitulations might hate ii compicssive effect wliitli iii 
hibits the disiuption ot tlie small abscess focus 

The oiilj death in the soiics oceuiicd in a 1 wcoh old intant with multiph 
congenital anomalies An oveiwhelming infection de\i loped in this essc despiti 
adetiuato pleuial diainago The natiiie of the pneumonic piocess is shown in 
the pliotoniiciogiaph of the infected lung (see Pig 1) 

All of the leinaining patients aie now asjniptomatie Fite patients hate 
sliotvn \ laj evidence of complete i<.sokition ot the pucumatuceles within !>/_ 
to 6yo months aftei onset of the pneunioma The luii.iining 4 patients with 
pneumatoceles aie showing lesoliitioii duiiiig obsen.itioii poiiods of 11 dais to 
2 months altei the onset of the pneumonia 

CASE REPORT 

A mnlo infiut, aged 2^-^ nioDths, A>as truisfemd to oar scr\ict from inotlur hospitd 
on J'ln 25, 1950 Altliough no rtspiritorj difficulty liil hten iknioustr'itcd it dolntr;> uid 
the early ncoint il period liad bem uneventful, jn<5il ob'>trucUon ami cough developed on 
Jan 5, 1950, vvlien tlie patient was 53 dajs old V roentgenogrim of the chest showed 
opacification of the right lung field By Jau IJ, 1950, in urfiuid level Jiad developed m 
the right pleural space Respiratoi) dlstre^3 became increusiiiglj severe IIcmoI>tic strep 
tococcus and Stapliylococcus auiexis could be cultured from the puniknt e\ud ite in this pooUot 
On Jau 14, 19oO, mjycaidul dPCorapea'salion w is suggested bj the liu<liug‘j of tuh^ 
cardia, cardiac eul irgenieut, and hepatomegaly JJigitoxm was idtkd to the current anti 
microbial therapy of cliloramplicnieol and streptomvem, and tlio riglit pkural space vv is 
drained through the bed of the eighth tib The infant's condition remained critical follow 
ing the intubation, and she was transferred to our service 

Oil admission, the child appeared pale and showed cousideribk respirator} diatreis dhc 
lieait rate was lb4 and respiratory rate was bb Breith sounds wero diminished nid the 
pelcussiou note was flat over tlio entire right hemitlioraa :N'orilt3 v bh ^ 
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no stridor could Itc lioird A No 14 Pr titlutir ms Mturtd in 'll! uiti-'ion in the rii,ht 
posteiior 'iMll'irj hue The li%cr wus pilpiblc 15 cm hcncatli the ri„ht costal ni irfjm "No 
cjuno-^is A\'is prt,scnt 

White blood cells numbend In,200 per c mm ^\itli a chficicutial count of o‘) iiiiitro 
pluls and 41 ]jmplioc\tes The rod ctlK nuiubcred 3,240,000 per e mm Hemoglobin con 
centratiou \\as 90 Gni per 100 ec The urine continud uhite cells and grauul ir \ 

culture of fluid from the tliorleotom} lube vielddl i litaw giouth of bitihemohtic 
Stai>hylococciLS ainixts, uhieh uas moderatelj sensitise to chloramphenicol and bacitracin 
slightly sensitise to Icliromjein, uid resist int to penicillin, striptoni\ein, ^urconueui, Terri 
m^tni, uid Vcrosporiii An electroc udiogi ini ''bowed changes eon‘*i‘!tint with a digitalis ctfcet 

Continuous suction at a subitmo'^phe le pres-urc of -10 tm of water was aiijilied 
to the chest tube Small nnounts of ur bubbled fioiu this tube Digitovm md tiaiivfnsions 
of whole blood weie giien Chloi uuphtnicol w is administi led intranui>.enl irh in dots of 
up to 200 mg eiei) 24 liouis I irge d<)''es of irvthrnmytm wtie iho giien IleaMh nn‘«ted 
o\.igiu was idninn''tered 

On the second hospital dij, it was neci •'iiv to cli mge the intrapleural tube to est iblish 
an air tigjit connection tJiron^h the ana of rib re ectio/i The piticnt then passed numerous 
loo'ie mucoid stools culturing Pseudomon is orgiuisms lo comb it tlie diarrhea intraienous 
fluids wore given and neomjcui startid bj ga\ igc to a total of 200 mg cm 13 24 hour-s VI 
though ro‘>piratoii distrc'»s diminished tor se\enl di)s, b^ Juiuirj 10 the child w is d^spneie 
uid c> inotic Tin riepiiatorj r ite ro''e to OO ind w is ac ompinu 1 b\ soft tJ'-nui retractnn 
tohe appeired to be moiibund, with signs of \ isculir colIap<i -V chi-t lotntgeiiogrim showe I 
tbit tJic si/e of seiii il imeumatoeeUs hid increased is the cmi>\emi hid recoiled C\sts in 
the right upper lung Add caused tin lung to hirniitc into the 'nijimoi medi istinum, iiid i 
giant inferior piuunntocilo heniiatdl into the po^terioi mcdia''tnium Tlio cntin me li I'^tinum 
w IS diiiitcd b\ the <ompris'«ion A small amount of air Ind leoumulited within the cm 
pjimi pocket m the shoit time requiied to truisport the patient to tlio P idiologj Depirt 
meat This proved useful howeier, m demoiisti itiiig tin limits of the enipjiuu pocket 
(xeluding pleural Joeulation as a source of c^stblc irtifact ml delineating the e}stie 
"truetures is l>ing within the snbstune of the right lung 

In Mew of the entieal situation and the possibibti tint the inferior pneumito ile 
might be interfering with the eirculition b^ compression of the inferior lena ea\a tins c\st 
was intubited A calibiattd lSp,iuge needle w is iiiHriid into the pneumitocclo under 
'^-^locaIne anesthesi i Vs we prepared to inea urc niinonntne pnssuris tho birrel blew 
out of the svnnge \ftir tins iiuident, tin prcssnie measured +15 to +20 within the e^st 
and touhl be leduced to ~J cut b> the withdrawal of about JO cc of air However, it 
w is po'*sible to lOntinue ispiritm,, unlimited luiouiits ot air, thus conlirming the free bron 
ehnl pissnge of an into the ejst When eoiitiiiuou') needle aspiration was interrupted pressure 
lose to +20 cm of water in a matter of 1 or 2 luiiiutca Rtspiritoi> distress was duninishtd 
(luring tlic moments of needle dceoniprcssion but uiercascd willi interruption of tlie ton 
tinuous aspiration The iiitripicuril tube showed subitmosphcrie fluctu itions during this 
period 

In this situ itioii it was obvious tint intenmttciit needle ispirition of tlie pnommtoeelo 
would be ineffcetive, consequenth a catheter was insoitcd into tin c^st b\ the trocar teeli 
nique For 48 hours ifter lutubitioii 1 irgt volumes ot ur continued to bubble, ilthough 
-15 cm bottle suction could lie m iintamed Thi infant's condition iniprov(<i strikingly 
during this pciiod 

Progrtssion of tin ''ire of tlu supcrioi pncuinitu <l<s < ui'*id the return of r«spiritory 
distnss md ivtiiosis on lib 2, l‘JjO NchIK prtssiim wire strom,l\ jiositive within tlu 
superior pueumitoeeU I ut uiiMiiinl snbitino''|)Iu rii in the infi nor i\>it It w is ig iin po'Sibb 
to ispirate Urge voluims ot air only to hive it i( Utiimnliti promptly tind* r strong posilivt 
pressure Consequently anotlu r tul e vv is inserted into the superior pntum itoeele Tlu 
following day, roenfgeiiogr ims were cvpostd before and after a lO minute period of cl imp 
mg of the two pneumitocclo tubes During this time the inferior cyst remlined compressed 
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but the superior pocket bullooued to a large volume. It luul been possible to clamp and 
remove the intrapleural tube without tlie recurrence of pyopneumothorax despite the fact 
tliat tlie inferior pneumatocele tube, at least, traversed free pleural space. 

By February 7, the patient showed steady improvement. No air accumulated within 
the inferior pneumatocele during a 24-hour period of tube clamping, so the tube was re¬ 
moved. On February 15, the superior cyst tube was removed. During the next few days 
small amount.s of purulent material accumulated witliin the empyema pocket and were 
aspirated with a syringe and needle. The tube tiacts remained decompressed. Soveial 
smaller pneumatoceles in the right lung showed no tendency to expand. Antimicrobial therapy 
was discontinued on Febuiary 24 and tlie child was discharged from the hospital on February 
29 of that leap year. She has lemained well to the present date. Eoeutgenologic lesolution 
of the remaining pneumatoceles occuried within 1 month after discharge, at which time 
pleural reaction was negligible. 



Fi(r. .3—Appearance of tlie chikl with two intracavitaiy suction tubes in position. 

Comments on Intubation Techniqm .—Since we have been iinin-essed with 
the lack of control of the depth of penetration when intercostal tubes are placed 
by the trocar method, we have used a series of measurements to ensure accurate 
placement of the tubes both in empyema pockets and in pneumatoceles (which 
are small in volume compared to the usual tcusiou pneumothorax). Tlie details 
of placement and measurement are shown in Pigs. 6 and 7. Centhneter calibra¬ 
tion rings are useful on the Oehsner trocar and IS-gauge aspiration needle, al¬ 
though the same results may be obtained by temporarily marking the necessary 
measurements on an ordinary trocar. 

Eib resection has not been necessary to allow passage of the large trocar 
through an interspace. Even when the ti'ocar is larger than the space, the 
mobile rib cage of an infant tends to spread if the blade of the trocar is ac- 
cui’ately pointed between the ribs into the intercostal muscle. A flat surface 
of the triangular trocar blade should be parallel to the edge of the upper rib 
so as to minimize the hazard of injuring intercostal vessels. The danger may 
also be lessened by directing the trocar slightly caudahvard as the blade perre- 
trates the intercostal bundle. In this manner' the trocar point is directed closer 
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exudate. Botli empyema and pneumatocele catheters have been inagated with 
small amounts of saline solution to ensure patency. Because of the bronchial 
communication, we have placed the patient in .such a position that the tube is 
dependent in the thoracic cavity during the pci-iod of irrigation. Xo signs or 
.so{iuelao have been suggestive of bronchial contamination with use of the irri¬ 
gating soliition. 

Since we demonstrated rapid ballooning of one pneumatocele with a 10- 
minute period of tube clamping, we now transport all patients to the Eadiology 
Department in their beds, with continuous suction drainage being maintained to 
preclude transient gas accumulations. We do not remove the catheters until 
it is evident tliat air-fluid accumulation will not reappear dining a 24-liour 
period of tube clamping. 




7.—llothotl of .nljuatinij the ileatli of aenetiation of the caUiotoi. 

(f) Tlic cyfat is abPiiatecl ami tlie deptli of penctiation of the needle noted 
(3) Thi.s deptli of penetration is then iiica-sured off (n—b) on the catheter, bint; in the 
correct pohition in the tiocar ,ind on the trocar tip <t—d). 

(J) The tiocar is inserted to the depth “c—d," placinj; its tip wltliin tiic ca\ity Tlic 
catheter is inserted into the tiocar to a depth of point "b.” it is now in coiroct position 
within tile cyst. 

(1) The trocar is diawn back to the skin level and the position of the catlioter is 
adjusted fln.TlIy by biinffinur point "o” flush witli tlie ciinnula oiiflce 


.SUU.U.tKV 

1. Twelve infants and cliildren ivilh stapJiylococcie pneumonia wore treated 
at the United States Naval Hospital, Chelsea, Mass., between January, 1956, 
and April, 1958. Pyopneumothorax developed in 7 of these children. Nine 
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Nho\\i<i pu(iuni*itoc(.UN at some tinm tlmmj' the coinsc ot the illness One pic 
iiiatiuc intant died nith nudttph eonsemtal defoimitus and J)^op^uumothola\ 
T])c lemaimnf? pafunts in isMuptomatie and shon joont^onolojiic elian^'ts ot 
usohition 

2 P^opiuuinotlmiaN was tnaled In upcalttl iictdie aspiiations when sJighf 
and )n inteieostal tube di image when cNteusuo 

3 All 9 patients witJi jnieumatocelcs sliow eitJici complete lesolutiou witlun 
V/y to 61/4 months aftei onset of the pneumonia, oi piogicssuc lesolution when 
obseued ioi penod<? ot less than 2 months 

4 Eight of tlie patients witli pneumatoceles icquiied no specific tieatmcnt 
In 1 infant, intiacaMtaij suction tuhe diamage was httsaemg m that it pio 
MUted tension distoition of the thoiaeic contents b\ two pmumatoceks wliieli 
appealed eaih in the toxic phase of the jineumonia The tubes wcie intioduced 
without staging tlie pioccduio and, m at hast one instance, tiaciised fiee pleuial 
space without «aggia-vafion ot the pie existing en)p\cmi The alteinatne ot 
c\st cNcision is legaided as umlosudhlo lit cause ot tlie piobabihtx that sahabU 
lung tissue would be c\eised, and because thoiacotomj would bo a foimidabh 
procediue in the picsenee ot omp\ema and imoumonic toMcU> 

KFi'FflFNCES 

3 Willmm, T S,Go<lfiei,R C uiJ ^^’^tson, T R Stnphjlocuir'il Pneumynii jh Infii v 
Brit M J 2 14Jb 103') 

2 Rxkowpr, J, niul P MofuUIi Dnmnge in tljo Manng'^mf'nt u'* 

Pulmonm T P«.iJnt 52 57*1, IMS 

Discussion 

(PULUS Bv Mmn [i \cf 6J5J \m» U itkiss [i wt 64i] iM> Tiifii VssotKTSs 

DK DAMD C SABIfcTON Biltimort Mt1—TJie rising jnmlemt of ill «if 

st'iph^locoCL il infections tlunug tin -cMial ;^«ars Ims intleul been xniprc 'iivi Oh« 

of the mori important probUms ^\{!uh uc hwc iiicountirLd has bem tin nurk I iiu ri. i'^c 
of staplwlococoic. piicumom i ouurrnig in infants uni joung cinidren Vlthmigh oiuc an 
uncommon di‘?ca‘«c, it is now of tuquuit occurriiui I would like to eonmKut briedj on 
Mvoral points rtgirdnig imingtmint and prognosis in a group of pitiints studiel it the 
Tohns Hopkins Hospital During the 2\car period, 1033 1953, there w is i tot il of l> 
c'l'Ms of st iplnloioecic piuumonn lecn jn the Department of Pcdiatrus Tin. ''trikmg ri'-i 
in the lacidiiicc of this di&t im js shown b> the >titistics of the pist 3 Mars (IM5 PHS) 
<luring winch time there h im. him 61 In this group, 2o or 33 per cent hme b «n 

muiigod In cloMd intcrcovt il cathcti r i1rimig« in iddition to uitibiotii tlioripi 

PT\ru\LOCocc\i PxEuwoMV IS Imvncy \np CnirnnooD—ol Cvses 

Closed intercostal drainage (catheter) 31 (38^r> 

Open drainage 1 

Pulmonary decortication 1 

rr<mlts 111 Stapttylococcal Piifuinonia, 1053194>S 



Cases 

Deaths 

K 

Pnm irj 

So 

4 

7 

Sceoiidarj* 

6 

6 

30 

Total 

G1 

10 



«Pil«nir> Usease cjstio fibnwH nephrosis li>poi.aiiii)iaKlobineiui 
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(slide) The indications for drainage have been primarily tlie presence of large tension 
im(>iiinatoceles, a tension pneumothorax, or extensive empyema. Of the (51 patients studied, 
no were primary and in this group there were 4 deaths (7 per cent). 

(slide) it is interesting that 3 of the 4 patients who died were less than 3 months 
ot age and, in each instance, the course was cliaracterized by a rapidly progressive toxemia 
leading to death within 48 hours. Each of the 6 patients wlio liad staphylococcic pnoumonia 
secondary to a systemic disease died as a result of the combination of their illnesses. 

Wo agree fully with the authors that catheter drainage shoidd be employed frequently 
in the niiinagement of the intrathoracic tension complications which are often a.ssociated 
with staphylococcic pneumonia in children. It has been our experience that it is often 
necessary to ]dace multiple catheters within the chest and that, in some instances, these 
must be replaced on several diffenmt occasions. All the patients we have observed have been 
treated with a combination of large doses of bacteriocidal and bacteriostatic drug.s. Peni¬ 
cillin, in combination with either Chloromycetin or Albam 3 ’cin, has been the antibiotic of 
choice in the majoritj' of cases. With the combination of chemotherapy and closed surgical 
drainage, good results htive been obtained in the patients with primary disease. Open drain¬ 
age has been necessary in only one instance. 

Di the last slide, the initial chest film of this patient demonstrates multiple small pneu¬ 
matoceles and empyema in the right lung. A tension pneumothorax developed and this failed 
to respond to an intercostal catheter. Later it was necessaiy to treat the child with rib 
resection and open drainage. Marked clinical improvement followed but the second fllin 
shows a large empyema cavity demonstrated by the injection of contrast media. Pulmonary 
decortication was then performed by tiie Resident, Dr. Merril Brown, with complete re- 
expansion of the lung. The final film shows the late postoperative result and the child is 
now well. 

In closing, I should like to compliment Dr. Watkins and Dr. Ilering on their very 
interesting presentation. 

DR. JEROIME R. HEAD, Chicago, Ill.—In reading the abstract of this paper in the 
program, I was very much interested to learn how a catheter coidd be put into an intra- 
pulmonary cavity with trocar and cannula without the production of pneumothorax. Now, 
having hoard the paper, I can understand that this was attempted and that it was successful 
because the patient had had an empj’ema which ensured the presence of adhesions between 
the lung and the chest wall. IMy experience with intracavitary suction has been limited to 
tuberculosis and large emphysematous blebs and in these cases it is essential to do a two-stage 
operation or, at least, to be sure that the two layers of pleura are adherent before making 
an opening into the lung. I think that it would be too bad if anj-one left this meeting 
with the feeling that under ordinary circumstances it is s-afe to insert a trocar into the 
lung without first exploring the pleura. 

DR. MAX G. CARTER, New Haven, Conn.—May I congratulate Dr. Watkins for an 
excellent presentation of an increasingly important subject. I would like to re-emphasize 
what has been stated about the necessity to distinguish between the presence of a true 
pleural empyema and intrapulmonary air cysts arising us a result of staphylococcal infec¬ 
tion. We see 10 or more, of those patients each winter and have observed the development 
of cystic areas in the involved lung which may persist long after the temperature has become 
normal and the patient looks clinically well. Ultimately, within 3 to G months these all 
clear. 

On the other hand, an actual empyema demands prompt attention by intercostal catheter 
as discussed by Dr. M'atkius. It has been our practice to use a small polyethylene catheter 
placed through an intercostal needle early in the disease when the fluid is thin, thereby 
achieving total expansion with little trauma. If thick purulent material is present, of course 
a larger catheter is needed. 

DR. OSLER ABBOTT, Emory University, Ga.—This discussion was not returned.-— 
EniToa. 
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TOPOGRAPHY OF THE HUMAN CORONARY ARTERIES 
IN RELATION TO CARDIAC SURGERY 


Thomas N. fames, M.D. (by invitation), and George E. Burch, Ai.D. 

(by invitationJ, New Orleans, La. 

D isturbances in cardiac rhytlim and conduction of impulses are recognized 
as important problems in cardiac surgery. Although every attempt is 
made to spare the conduction pathways and the ,sino-auricular (SA) and atrio¬ 
ventricular (AV) nodes, little attention has been directed to the blood vessels 
supplying these areas. This has been largely due to meager knowledge regarding 
their circulation. 

In a study of 70 human hearts by injection of Vinylite into the coronary 
arteries, followed by hydrochloric acid corrosion, observations have been made 
on the blood supply to the conduction system. Tlie stud}-' provided a spatially 
oriented preparation of the heart chambers and vessels. 

Detailed descriptions of the blood supply of the human atria and of the 
interventricular septum have been published.^* - These regions embrace all but 
the terminal portion of the human cardiac conduction .system. 

To demonstrate how blood supply to conduction centers may be disturbed 
during cardiac surgery, four surgical procedures in current use will be dis¬ 
cussed. These iiarticular procedures were chosen because they involve different 
areas of the heart and, by understanding coronary topography in relation to 
them, one can anticipate the problems of other surgical procedures in the same 
areas. 


I. THE I^URSE-STRIXG REPAIR FOR :mITRAL. INSUFFICIENCY'*’ *’ ** 

Anteriorly this purse-string suture is tunnelled beneath the left circum¬ 
flex coronary artery toward the anterior interatrial sulcus, then is inserted into 
the right atrium. As the suture enters the right atrium, the blood supply to 
the SA node may be jeopardized in the following fashion. The artery to the SA 
node (ramus ostii cavac superioris) arises from the proximal left coronary 
artery (Fig. 1) in 40 per cent of cases and from the right coronary artery 
(Fig. 2) in 60 per cent. From either origin, this vessel passes behind the aorta 

From the Department of Medicine, Tulane University School of Medicine, New Orleans, 

La. 

This -work was aided by grants from the U. S. Public Health Service (H-lt3) and the 
ITpjohn Company, Kalamazoo, Midi. 

Read- at the Thirty-eightli Annual Meeting of The American Association for Thoracic 
Surgery at Boston, Mass., Alay 16-18, 1958, 
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Fig. 1. 



FIjt 2. 

Fjg 1.—rhotogtaj>h of a c.ibt Cioin a h«Mit !« uhlch Ihc raoius osl»i c.ivau superior^ 
{ROCS) ar^^tis from the left coronarj arleo* (oCcUr.s in 40 per cent). White pJa'illc casts 
the right atrimu, the .supeiior >ena c.iv.i {S\C), the main pulmonary artery’ (.VIM), umi the 
coronary sinus with tire venous branches Theie is alsu ^>hUe plastic In Uie root of the aorti 
iA) and a bridge of plastic fixing the aortic root to the miln pulmonary artery. £.CA Is 
the left coronaiy artery, Tlio left atrium and \entncie n»e not cast Note how the ramus 
ostH CiiMie supeilurla ciosses tho region of the inteiatrinl !«eptum anterluily and enclrcle.s 
the base of the superior ^ena cava, uhere it branches to supply the SA nude. 

Fig 2.—Photograph of a cast from a heart In •which the rnntus ostll ca\ae supcrlorls 
arises fiom the right coionary artery (otcnrs in 60 per cent). Casting and lilentlflcitUms 
are the same as In Fig. 1. 
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to the anterior interatrial septal groove, ascends to the base of the superior vena 
cava and encircles this base to supply the SA noded AVhen the suture is passed 
into the right atrium it may encircle the SA nodal artery, particularly when it 
arises from the right coronary artery (60 per cent of our eases). As the suture 
is tightened, the blood supply to the SA node may be occluded. Conseciuenccs 
will depend on collateral supply available to the node, but may include sinus 
arrest, atrial fibrillation, or other atrial arrhythmias. 

Posteriorly, the suture is passed out of the right atrium beneath the coro¬ 
nary sinus to the posterior surface of the left ventricle just below the AV 
sulcus. There are two hazards at this point. First, the artery to the AV node 
(ramus septi fibrosi) penetrates the junction of the interatrial and interventric¬ 
ular septa at this location, arising from whichever coronary artery passes the 
crux of the heart; in 85 per cent of our cases this is the right coronary (Fig. 3). 
Since the purse string is placed around this artery (Fig. 4), tightening of tlic 
suture may occlude the vessel supplying the AV node. The consequence of this 
occlusion again depends oii collateral supply available, but disti^rbanees in AV 
conduction such as complete or incomplete block may develop. 

The second danger at this location (the crux) is to the posterior descend¬ 
ing coronary artery, which frequently makes a deep U-turn beneath the posterior 
interventricular vein just before it descends i)i tlio interventricular groove 
(Figs. 3 and 4). At the apex of this U-turn the AV node artery usually arises. 
In addition to the AV node artery, this loop of the posterior descending coronary 
artery which is not visible on the surface may be occluded when the purse-string 
suture is passed iDoneath the eoronry sinus. ConscMiuenees of such an occlusion 
may be posterior myocardial infarction, the size governed by the extent of 
collateral circulation available. 

Completion of the purse-string suture anteriorly is guided by the location of 
the straight branches of the left circumflex coronary artery, with the suture being 
passed beneath each of these, most of which are visible in the epicardium. 

II. THK CIKCUJICLUSION TECIINIQUK FOK C'l.O.SURE OF INTER.VTRf.VL SEPTAL 
DEFECTS'*’ ■’ ® 

In this operation, a suture is passed wdthin the base of the interatrial sep¬ 
tum, entering the septum Ijy passing above tlie right coronary artery and be¬ 
hind the aorta and emerging posteriorly above the coronary sinus (Fig. 5). As 
a supplementary maneuver, the top of the interatrial septum is divided as deeply 
as possible in a sort of cleavage into the septum for the purpose of freeing the 
neighboring superior vena cava and medial pulmonary veins from traction 
when the circumclusion suture is brought together over the top of the heart and 
tightened. In his description of this cleavage of the upper septum, Sonder- 
gaard* calls attention to a small vessel just in front of the right medial pul¬ 
monary vein which must be severed, but states that there is otherwise no 
bleeding. 

Some of the problems of the circumclusion procedure in regard to the coro¬ 
nary arteries are apparent from the previous discussion of the mitral purse 
string. The cleavage of the upper interatrial septum -will almost certainly 
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Pip 3—PliotoptayU of a cast of tlw rjpht coroaar> artery Its I turn an 1 tl»o br u eh 
to the AV noUo white niateiial in the background a cast of the left itrtuni (tlote) 
and the left acntricle ibclotv) The right coionarj (RCA) curves hi the foregruun I llien 
makes a U-turn deep to tl>o posterior Intcrventnculai* \em (P/V) vvlnch Is cannulated At 
the apG\ of the right coronary loop the branch to the tV node ramus septt flbrosl (^5/ ) 
irises 


Main pulraonaiya 
Aorta 

I. coronary a 



coronary a- 
Sup. venatova 
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Ramus septi t'ibrosi 


Fijr 4 —Diagram of the mitral pur<re string operation for repair of milrtl Insufilcjcnci. 
Note how the suture )« O damage thv -vrterlLS to the t>A node < ramus ostll cavae 6.uperloria) 
or tlK AV node (ramus sept! flbro-*!) Ste text for distusslom 
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compromise the blood supply to the SA node (Pigs. 1, 2, and 5) and, indeed, the 
vessel which »Sondergaard calls attention to as a bleeding hazai-d is very likely 
the ramus ostii cavae superioris which supplies that node. The artery to the SA 
node also is endangered anteriorlj' Avhen the circuiuclusion suture is passed into 
the base oi‘ the interatrial septum. 

The artery to the AV node and the up]ier course of the posterior descend¬ 
ing coronary artery (Pigs. 3 and 5) are jeopardized posteriorly, both by the pas¬ 
sage of the suture in the base of the interatrial septum and by traction when 
the circumclusion is completed. 


RcLjnus ostii cavae. supen'oiis 
Sup. vena cava L 


Aorta 


Main pulmonary a 


L, circumflex. • 
cot'onai'y a 



inf. vena cava 


Ramus septi 
i'ibrosi 


Pis'- 5-—Diasrani of the circumclusion operation for closure of interatrial septal defects. The 
arteries to both the SA and AV nodes may be jeopardized (discussed in text). 


In addition to the arteries .supplying tlie two nodes, circumclusion encount¬ 
ers a nniciue bleeding hazard in the lower interatrial septum. The loose areolar 
connective tissue in this region, tiirough which probe dissection is physically 
simple, is full of thin-walled Thebesian veins and sinuses. These communicate 
with the interior of the right atrium.* They may he disrupted as the suture 
is placed, and even more widely opened when it is tiglitened 1‘or the purpose of 
circumclusion. 


III. CANNULATIOX OP THE VENAE C.VVAE EOll TOTAL CAliDIAC BYPASS 

These cannulae are usually inserted through the atrial appendage or the 
lateral wall of the right atrium and passed into the venae cavao, where they arc 
secured by tapes (Fig. 6). The blood supply to the SA node may be disturbed 
by the tape securing the superior vena caval cannula if it is placed near the base 
of the vena cava, where the ai'terial circle supplying the SA node lies (Fig. 7). 


IV. KKJIIT VENTBICULOTOUY 

The upper end of this incision is usually near the level of the pulmonic 
valve ring (Fig. 8). At tliis point tliore is an arterial circle (Vienssens’ ring) 
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compromise the blood supply to the 3A node (Figs. 1, 2, and 5) and, indeed, the 
ve.ssel which Sondergaard calls attention to as a bleeding hazard is very likely 
the ramus ostii cavae supci-ioris which supplies that node. The artery to the SA 
node also is emlangercd anteriorly when the circvimclnsion suture is passed into 
the base of the interatrial septiun. 

The artery to the AV node and the upper course of the posterior descend¬ 
ing coronary artery (Figs. 3 and 5) arc jeopardized posteriorly, both by the pas¬ 
sage of the suture in the base of the interatrial septum and by traction when 
the circumclusion is completed. 



Fig-. 5.—Dia^raiii of the circumclusion operation for closure of intei-atrial septal defects. The 
arteries to botli the SA and AV nodes may be jeopardized (discussed in text). 

In addition to the arteries supplying the two nodes, circumclusion encount¬ 
ers a uniciue bleeding hazard in the lower interatrial septitm. The loose areolar 
connective tissue in this region, through which probe dissection is physically 
simple, is full of thin-walled Thebesian veins and sinuses. These communicate 
with the interior of the right atrium.* They may be disrupted as the suture 
is placed, and even more widely opened when it is tightened tor the purpose of 
circumclusion. 

III. CANNULATIOX OF THE VENAE CAVAE FOR TOTAL CARDIAC BYPASS 

These cannnlae are usually inserted through the atrial appendage or the 
lateral wall of the right atrium and passed into the venae cavae, where they are 
secured by tapes (Fig. 6). The blood supply to the SA node may be disturbed 
by the tape securing the .superior vena caval cannula if it is placed near the base 
of the vena cava, where the arterial circle supplying the SA node lies (Fig. 7). 

IV. RIGHT VENTRICULOTOJIY 

The upper end of this incision is usually near the level of the pulmonic 
valve ring (Fig. 8). At this point there is an arterial circle (Viemssens’ I'ing) 
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connecting the proximal left and right coronary arteries. It is easily identified 
in the beating heart and whenever possible should be spared because of its 
importance as a collateral source of flow to either main coronary artery. 

The interventricular septum normally lies quite near the free wall of the 
right ventricular outflow tract (Fig. 8). The arteries of the interventricular 
septum are predominantly derived from the left anterior descending coronary 
artery and course posteriorly in a superficial location on tlie right side of the 
septum, lying virtually in the right ventricular endocardium.- Cutting these 
arteries in the anterior third of their course may compromise the supply of the 
distal septal myocardium, as well as the bundle branches of the conduction 
system. 



Fig. 8.—Diagram of the incision for right ventriculotomy. Tlie incision should begin 
below the ring of Vieussens (see text). A window is illustrated in the wail of the right 
ventricle to expose the underlying interventricular septum, which i.s in close proximitj' to 
the free wall in the region of the pulmonary conus. 

DISCU,S.SIOX 

Consideration of the anatomy of the human coronary arttulos suggests that 
some of the arrhythmias and conduction disturbances encountered in cardiac 
surgery may be due to impairment of the blood supply of the majoi' conduction 
centers rather than to damage of the conducting tissue directly. In particular, 
this may apply to the arteries suppljdng the SA and AV nodes. 

Description of the above liazards is not intended to detract from the sur¬ 
gical procedures discu.ssed, since their merits must be evaluated on many other 
considerations. It is rather to be hoped that by describing these particular 
problems all cardiac .surgical procedures may be made safer. 

SUilMARY 

Topography of the human coronary arteries has been discussed by consider¬ 
ing it in relation to four surgical procedures in current use. Some of the 
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Discussion 

DR PiUL DD CAAIP, I^eu Oih in'* L»- I want lo congrttulit Pr Tam mi tin 
beautiful anatomic study uhith lio has nude, and on his car* fid comlitim of it with <^ir 
gical problems It is pcrlnps a commentar> on lurrcnt surgical j i ictm that the '•urg oti 
■should In ‘?o bu<jy opi i iting on beasts ud man, '•o Jms^ nniKing ‘«p Mne and wrifmg pip r 
that it IS necess ir^ for in intermit to iinkc such m import int aiut nu sifinU 

55 0 feel tint it in iinjiort mt umeept tint t irdi ic irne.ularitic'* following ojnruuiw 
on or witlnn the lieart nu\ be dm to mttrfirtiitc with (lu iieiular ‘‘Upplj to tin m im 
muscular mech imsm ritiier tlnn nm><sarilj bit to dirnt tramm to th junoiH iini li iiu''iii 
itself It would, of course, 1» ih iraetcristic of \aMulir iinobiimnt rh if in simu isi v j| 
would bo nversihlc as tolhtei il eirtulition builds np to t oiupt iis-itt for tin initnl vis uhr 
iii)ur> That, of couisi, i?, fitquenf m dmie il experience Howmii, ui woidl Jikf to n p irt 
one tase m winch appirtntl^ jnrinjiiint disabling e irtli le iriegid iritii'i dtultped /(lUowing 
in operation m which w« saspict the injurv to the iieuioimis ul ir muhnnsm w is •Jo* to in 
lohtnient of the blootl supply This is the < e^e of a 11 \iaroM mm with i Iu„< inft i itnil 
s( ptal di f» ft In 5Iar< h of 1950 this dt fttt w is t lost <1 In tin Saude rg i ii 1 t\ |»i of pm 
stung ligitun Tins purst stung w is pis (d tlii«u,,h tin intii ifri il '•upr lu ntneid ir timml 
iml it no time ju'^'-td tlirough thi nnti ndiiim itsdf, so tint uijun to fin 5 5 nob c»r 
bundle of IIis sieins txtieinelj unidil) Bigmnmg promptly, following the opu itmu iiul 
(ontinuing to the prisent, the patKiif his had i sirns of di-ibling imihinnal dlsordlr^, m 
I hiding auricular fibrdl ition, supravcntritiil ir tachjcinlii, pnib ibl> i flutter, aunt id ir tluttir 
with I shifting paienulir, ujriculir bbnllitiou, auiKUlu tnliu irdu, lurieiilir Ihiftir, ui<I 
pitsiinc of a third pauiniher Thtsi slubs deninustriti stmu of the t hetroi irdiogripliu 
dmoiriialitns uJuJi hut bun notid during this period 5\ith vigorous intdit d in um„( nieiit 
wt have betn iblc to control the r it« f iiih well, but this patnnt has nevir bton ibh to go 
back to work since his operation 

PR J C I) 55 IL \, Pliilddiljihm, l*i—We iii\C ben iw ue of the dm work of Pr 
Bureh iiul Pr I inns since their leeint piiblie itioii, and luvt n itur div bteii most iiitinstnl 
in tluir Jnidings and their dt - nption of llio coronary blood supph to the nlria and to t’ 
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S-A node. It is not unlikely that some of these vessels may be injured by some of the i)ro- 
ecdures performed in these areas. However, the crux of the matter lies in the results which 
are obtained in these operations, realizing that there are certain structures which, in all types 
of surgery, must be sacrificed, provided this does not result in serious consequences. 

With regard to the mitral purse-sti-ing operation, we have seen in our .series 8 patients 
with postoperative atrioventricular dissociation, 2 of which had preoperativo suggestion of 
partial A-V block. All but one of tliese 8 patients have reverted to their preoperative rhythm 
within the first 2 to 4 weeks following surgery. Whether tliis incidence of conduction defect 
can be attributed to injury to the blood supply of the S-A node by the surgical operation is 
certainly a moot question. 

In some 20 cases of interatrial septal defect of tlio ostium secundum type, in which we 
have operated by the Sondergaard metliod, we have not seen any arrhytlimias which we would 
attribute to surgery. In one patient there was paroxysmal ventricular tachycardia pre- 
operatively, manifesting itself in frequent short l)ursts of ventricular activity. Following 
surgery, this patient’s episodes of ventricular tachycardia became no le.ss frequent but tended 
to persist a little longer. After several sucli bouts within the first 48 hours following surgery, 
tlie patient died when the arrhythmia persisted longer tlian was tolerable. It was noted at 
surgery in this patient that we were dealing with an extremely irritable myocardium. 
Whether the operation performed aggravated the arrhythmia is again a question which we 
cannot answer. 

1 should like to congratulate tlie authors for this excellent presentation. 

DB. JAIMES (Closing).—I thank the discussers for their interest and comments. 



OPEN-HEART SURGERY FOR MITRAL INSUFFICIENCY 


Donald B Efflei, yll D, Lamence K Gioies, AI D , Willnmi V Mattinez, 

AID (b) imitation), and WtHem ] Kolff,AID (b) imitation), 
del eland, Ohio 

T hf 1 \ffd foi a diieet appioaeh to tlic mitral valve has long been appiceiated 
and now tlie advent of open lieait siugieal ttehnifiues that utihri the jiinnp 
owgcnatoi has made possible a diicet appioaeh to the lett atiuiin and tlie niitia! 
\ahe Constant nnpioveinent in Lillehei’s* oiiginal ttehnirines iitili/ing eioss 
ciidilation, and the addition ot valuable adjuncts, peimit iinlmiiied opeiations 
within each ohamboi of the hcait Although the nltnnatc in the tieatnunt ot 
initial insuffloienev has not been accomplished, it is possible to piovido suigic il 
palliation in the inajoiitv of patients 

Oui inteiest in initial insufifieienev datis tiom lailv itti mpts to dosi in 
teiatiial sopt,il defects ot the ostium piinium tvpe At that time we did not 
uiideistaiid the significance of associated initial insuffleienev and, as a iisult in 
foul consecutive opeiations whcie the defect was eompletdv and succcsstiillv 
closed, left heart failuie oceuiicd In eich case, the technical suceess was ac 
eompaiiied with woisening of the condition, and 3 of the patients nltimatclv 
died of eaidiac disease 4 siinilai penaltv was attached to oni fust eftoit to 
eoriect congenital initial icguigitation bv diiect sntnic ot tin thin leillds the 
initial suigical success was destiovid bv the sudden fcncstiation and piitial 
avulsion of the septal le.iHet Tins p iiiiful lesson ini])iesscd upon ns the iiii- 
poitaiit kinetic diffeitiice betwiin opeiations involving the light and the leit 
ventiicle Tune, and additional espeiieiitc, hive biought into bettei locus the 
ovoi all piobUiiis lelated to mitial incompeteiicv It is oui bclict that most tv pis 
ot initial insufficienej iiiaj be helped bv the open .ippioaeh that utilires the 
pump osygenatoi The anticipatcel dcgiee of success will be diicetiv lelated to 
the type of valvulai defect and the concomitant mvocirdial and piilinoniiv 
changes that aic piesent 

^\I'FRIF^C^ 

At this time, utiluing tiu open hcait tcchniiine 14 patients have been 
opeiated upon foi collection ot iiiitiil msuflieiencj 4s niintioiud befoie, at 

I-roni till. Department of Thoracic Sur|,er\ mil the Department of Vrthlci tl Orj, in'^ 
The Cle4eland Clinic toundatlon ind The I'tank P Bunts I lucatlonil Institute Clcxclml 
Ohio 

Read It the Tliirt> eiKhth Annual Mcctlnj, of The Vmericin ts<!t elation for fhoriclc 
Surgerj at Boston 'Miss 16 IS 19 8 
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least 4 patients were operated on for correetion of septal defects without regard 
for tlieir coexisting mitral insufficiency; these patients arc not included in the 
above group in whom correction of the mitral valve was attempted. 

Incompetency of the mitral valve is produced by a variety of pathologic 
circumstances that we have grouped according to our findings at the time of 
surgery. 



Fig. 1 .—Schematic drawing: of the right-sulcil approach to tiie mitral valve. The anter¬ 
olateral thoracotomy incision is carried through the right fourth interspace. The sternum will 
be transsected after division of both internal mammary bundles; the left pleural space will 
not be entered. 

The left common femoral artery is the usual site of retrograde cannulation for arterial 
return from the pump-oxygenator. The femoral artery is reconstructed after decannulation 
while the patient is still heparinized. 

A. Congenital mitral insufficieuc^^ 

B. Acquired mitral insufficiency. 

a. Ruptured chordae tendineac. 

b. Dilatation of the annulus. 

c. Destruction or distortion of the leaflet. 

d. Iatrogenic insufficiency (surgical laceration). 

At this stage of operative development, the etiopathogenesis of mitral regur¬ 
gitation is of less practical importance than are the topographic aspects of the 
valve itself. Since valvular replacement is not yet feasible, any amelioration of 
the disease will depend upon the surgeon’s ability to make use of Avhat he finds 
at the site of operation. Hence, the type of regurgitation present, and the 
anatomic features will have a direct bearing on the surgical outcome. 

Eveiy surgeon who employs the routine closed approach for the correction 
of mitral stenosis will recall the occasional patient in whom was encountered a 
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greater extent o£ initial iusnfficiciiey than he liaU anticipated. Now, m such a 
ciicumstance, it is the responsibiUty of the surgeon to perform meticulous 
digital examination of tlie valve with piedominant iiisufflcieiicy, in older to 
evaluate it for a possible direct, open appioaeh. 

TECHNIQUE 

Approach .—It is our bclicJ that the surgical approach to the mitral v.ilvc 
is best accomplished from the iisihl side (Fig 1) As an elective pnieediire, the 



Flg^ 2—Cross-section «3lagram to illustrate tlie tno approaches to the mitral \ulvc from 
the right pleural space Both routes are a\atlable through a right Ihoracotomj Incision. 

By incising the posterior interatrial grooxe tho loft atrium is cntproil. ijovke\er, tbo 
valvular annulus is not on a direct piano with this portal of entry A more dlrtct approach 
is obtained by entering the right atrium first and then incismg the Interatrial septum tvithln 
tho foramen ovafis. 

approach from the right peimits a uniiaferal thoiacotomy wlien letiograde 
femoral eannulation is employed. The advantages of uuilaleial thoiacotomy are 
seltapparent: retrograde femoral cannulatioii is an effeetne method of leildcr- 
ing arterial return from the pump-oxygenator and, in some u-speets, is superior 
to the route through tho subclavian artery. The actual entry into tho 
left atrium may he accomplished in cither ol two w.iss: (1) through the fossa 
ovalis by way of the right atrium, and (2) through the po.sterior interatrial 
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groove. There are distinct advantages to each mode o£ entry. The trans-right- 
atrial approach offers more direct visualization ol' the medial commissure, re¬ 
duces the hazard ol postojierativo bleeding, permits ('asicj' phna'iiient of sutures, 
and allows better control of return to the coronary sinus. The approach via the 
interatrial groove eliminates ontiy i?ilo the right heart and its attendant 
problems. 


We have successfully performed 3 operations through the left-side approach 
utilizing a transsternal, bilateral incision with entry through the left atrial ap¬ 
pendix. In each case, it Avas necessaiy to use elective cardiac arrest in order to 
rotate the large heart from its normal position. The exposure was fairly ade¬ 
quate, but considerable retraction Avas necessary before the sutures could be 
properly placed. It Avas feared that contained air Avould be a problem, but it 
Avas not. IloAvever, the closure of the left auriculotomy, and the replacement of 
the heart into the normal position put the incisional repair in a posterior position 
AAdiere it Avas difficult to inspect it for residual bleeding. Although the direct left 
approach is feasible, even preferable in selected cases, it is our belief that access 
to the mitral valve from the right side has greater advantages. The left approach 
is probably preferable for myxoma of the left atrium. 


Elective Cardiac Arrest. —Induced cardiac asystole is an accepted adjiAiiet 
to open-heart surgery.-'® Oxir great enthusiasm for the Melrose technique has 
been expressed in previous reports. Nevertheless, Ave are not convinced that it 
alAvays is nece.ssary or advisable to stop the heart before attempting to correct 
the incompetent mitral valve. As mentioned by Lillehei,' there Avill be occasions 
Avhen direct visualization in the beating heart may be particularly helpful in 
evaluating a diseased mitral A'ah'^e. It is conceivable that the surgeon may 
create serious distortion Avhen operating on an arrested flaccid heart, particularly 
Avhen the repair is confined to the annulus. Although our early efforts Avere all 
made in the arrested heart, an effort noAv is made to Avork initially Avith the de¬ 
compressed, beating heart. If, hoAvever, the aortic valve is not competent, the 
return floAV to the open heart Avill be of such magnitude that cardiac arrest be¬ 
comes necessary. Usually this can be determined after the patient has been put 
on total bypass—if the heart visibly becomes decompressed, and palpable pres¬ 
sures decrease accordingly, then asystole Avill not bo necessary. On the other 
hand, should the heart shoAV little reduction in size and the pressures remain 
elevated, then cardiac arrest is employed and the quiescent heart is decompressed 
by direct aspiration. 

Left Heart Decompression .—A more recent adjunct to open-heart surgery 
is the use of left heart decompression by an indAvelling catheter in the left atrium. 
This cannula is inserted from the right side through a stab avouikI in the right 
superior pulmonary vein as it enters the left atrium (Pig. 3). This simple ad¬ 
dition to the routine system of perfusion cannulation permits a constant pressure 
recording of the left atrial chamber—more important, it permits prompt venting 
of the blood should there be a dangerous rise in left heart pressure. Muller, 
Littlefield, and Dammann® have reported on the pulmonary changes attributable 
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to high letiogiade pitssuie in e\pcrimental piocochucs In a letoiit lepoit, 
Kolfl; and associates leeoiiiited oiii ehmeal ohscivatioiis m patients wJio sus 
tamed pulmonary damage trom high lelt licait piessiiics that ueie tiansniittid 
to the pulmonaiy \asculai si stem This pulmonaii lascuhii damage is chaiae 
teii/ed by inteistitial hemoiihage, and, on gloss esamination, is not unlike the 
pictuie ot blast oi compiessioii m^uiy ot the lung 

A double puipose is seiied bj the iiidncllnig eaniiula in the lett heait, it 
decompresses the lett heait, and it also peiiiiits ivithdiawal ot air fioiii the lett 
atiiiim Since tiappod air presents an obvious hazaid, this additional featuic 
augments the value ot this simple safegiiaid 



I IK J —Schema of cinnulations employed in the open appro ith to tlie mitral \alv« 
riiiee senous cannulae are inserted from the ri^ht thorax 2 cannuHe drain the \tnao cisar' 
m conventional fashion the third is inserte*! Into the left atrium \ia the biso of the right 
superior pulmonarv vein This left heart cannnJi niij bo u-'t.d to dtcoiiipross the left heart 
icniove trapped air and measure left atrl il piessures 

Hetrosraile arterial perfusion permits i single thoiaeotom^ appro ich The common 
ftmoral aitery is exposed in<l after heparmlzition tie c innui i is inserttil tlirougii i sm lil 
\cr ini incision After dec innuJation the iitcnotoni} closure Is poifornu-d wlille the p ititnt 
is still heparmizcil 

Opeiution —The patient is pitpaied ioi the coinention.il caidiotoiin that 
utilizes total hi pass peitusion At tlic Cleveland Clime Hospit.il, a disk tipe ot 
owgcnatoi (Kav-Cioss* modific.ition ot the Bjoik) is utilized v'ltli the idler 
tvpe of pumps By diicct ciitdovni the light temoial aiteiv and veins aie 
eannulated toi coiitimious le.idmg oi aiteiial and venous piLssuics The 
electiocaidiogiam and electioeiiecphalogi.im aic eoiitmuoush iiiomtoied t 

The patient lemanis in a supine position with the light side of the chest 
slightly elevated The incision lor aiitciolatcial thoiaeotomv is made tliioilgh 
the tonith niteispacc, the steimiiii is tiaiissected, and both niteiiial iii.immaiv 
Imndles me divided and .lie Iig.iled The lett pleui.il sp.ite is not eiiteud 
deiiheialelv The |ieiicaidniiii is opined widelv .mil piessuiis .no mi.isuiid in 
the ehaiiiheis and gie.it vessels Both venae eavac .lie mohilized, looped hy iiiii- 
bilieal tape lig.itiiies, and e.imiul.ited aftei hep.iimiz.itioii The let! eomiiion 

•vriniifacturud b> Pcnico, Inc Clevcl ind, Ohio 

tW itiv the ilonitorscopc mimifittuicd by Tsstnlinl Lhcirc Coriw’ Clcvelinl 

Ohio . 
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femoral artery is exposed and is cannulated in a retrograde fashion for the 
arterial return from the pump-oxygenator. A third cannula is inserted into the 
left atrium as has been described above. The ascending aorta may be mobilized 
should elective cardiac arrest be necessary. 

When high flow perfusion is established and tire caval ligatures are secured, 
the heart will become decompressed and pressures in both sides will fall to 
negligible levels. If the heart does not become decompressed satisfactorily, and 



Fig. 4.—Method of correction for flail valve as seen in ruptured chordae tendineae. This 
method may have special application in iatrogenic insulllciency when chordae tendineae have 
been surgically transsected. 

No effort is made to reapproximate the severed chordae tendineae. The leaflets are 
approximated over the involved area by direct suture. The valve is then buttressed from 
the atrial side by a crescent-shaped Ivalon prosthesis that is sutured in place, first to the 
annulus and then to the underlying valve leaflets. Failure to utilize this reinforcement may bo 
followed by fenestration of the mitral leaflets. 


the left heart pressures remain high, it is to be assumed that the aortic valve is 
incompetent and that elective cardiac arrest should be employed. When aortic 
insufficiency is not present, there should be no blood return to the heart except 
that through the coronary sinus and the bronchial vessels. 

The right atrium is then opened widely and the coronary sinus return is 
removed by continuous low pressure aspiration; this blood is diverted to the 
venous side of the pump-oxygenator. Eutiy to the left atrium is then obtained 
by an incision in the fossa ovalis—the exposure is adequate and there is little 
danger of injuring conduction pathways. Blood is aspirated from the left 
atrium, and the mitral valve is examined under direct vision. The method of 
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Fiff. S.—DJagrdm of tlie approach to the mitral \-alve througli the right atrmin In 
patients witli congenital mitral insuHlciency related to interatrial septal defects, the right atri il 
approach permits adequate correction of the incompetent medial commissure, which ma^ bn 
reinforced as described In Fig. 4. Tho septal defect is then closed witli or without piostiictK 
appliance. 

Application of this tecimiquc to acquired mitral insuthciency by creating a tcmpoiaiN 
septal defect in tho fossa ovahs lias been rewarding. Tho right-sided approach tiiroiiffii tli' 
iight atrium and the fossa ovalis appears to bo tho most direct plane to the mitral ^ ll^e 
Working througli tlie artiflcunl atrial septal defect permit.s direct \isualization of llu ontn< 
initial annulus and botii commissures. 



number of p.illenta with initial in&uillciency dt'inonstnile yiily 
The»-e liutleiUs may not ‘'Imu any .stigmata of ilieumitic fecer. At 
appc.ir til it application of the annulus over tli<‘ anterulatuial 
be*t paJliatlon. The \aJve leaflets jn .such c.iMis arc ihJjj and easily 
Tort is made to close a commissure by tllrect .suture of tlie leaflet. 
Ication Is accomptlsiied by a scries of carcfuUj p)at< d shk sutn; 
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repair is determined after careful inspection of the diseased valve. If an}' ele¬ 
ment of stenosis is presentj it may be relieved by sei.ssor or knife incision in the 
involved commissure. Eelief of the mitral insufficiency is then undertaken by 
direct suture of the leaflet or the annulus, with or without a prothesis. The 
surgeon may work without hurry and witli good exposure of tlie opei-ative field. 
Although the left atrium is filled with air, the ventricle is dependent in tliis 
position and air embolization during the open procedure lias not oeeiirrcd. 

Upon completion of the mitral valvuloplasty, the left atrium is allowed to 
fill with blood before the septal defect is closed by continuous suture. At this 



Before..35/l3 After..l7/ip 


Pig-. 7.—Pressure recorilings on tlie operiiting table before ami after attempts to correct 
mitral insuttlciency on G consecutive patients. (These pressures were recorded by Aliss Rose 
Uitturl with a Sanborn strain gauge amplifler. Model No. 140, Serial No. 140. and Statliam 
pressure transducer, Model P23D, 1-75 cm. Hg. Serial No. 295.) 

Case 1.—Reft atrial pressure was reduced. 

Case 2 .—This patient had iatrogenic split of one leaflet of tlie mitral valve plus seveiance 
of the chordae tendineae. After the first attempt at open surgical correction, mean pressures 
in the left atrium were found of .'13 mm. Hg. After a second attempt, these fell to 22 mm. 
Hg. The surgical problem could not be solved. 

Case 3.—Left atrial pressures were considerably reduced and the riglit ventricular pres¬ 
sure was also reduced from 36/2 to 20/7 mm. Hg. 













\ I ncj 6 OPLNIILVRT SUE&LKl lOB Aurnu rSSUlFICIENCl ( 17 '’ 

tinio tilt inch\(.lhnj> c.miuih in the lift luait is stiitul Mitli ]<n\ lu^.ilui jins 
siuo to ieiiio\e am icsidudl in Itapttcd m it The iiglit atiial iiieisioii is 
thin closed and the cn il lipiatmes ait lekased wlnlt tin. Inail is liiiiig fillid 
tioiii tin light siih 

It IS oui luaitnt to (uiitnim the ixilusion loi 10 iiiiiiulis oi iiioil altii 
tin licait has i< hlUd and its biat has tctuimd to a satistactoij tin thm Since it 
IS possible toi ,1 small amount ot an to In tiappcd in the lett htait toi a nuiiihci 
ol iiiniutcs attei the letuin of an efttetise heaitlieat, the pump osigenatoi nun 
111 an (ftcctni piotietioii against dmgcious an einlioli/ation Bubbles ickasid 



Befcre 52/8 Scale X4 After 28/14 Stole XI 



Before 37/20 After 23/10 



Before 45/30 after 15/10 


I-ijf —Cont Casl i—The left itilil pit&sircs wtit. consl h i ibj\ Inipu\tl jiltlu)ui,h 

not re luce] to norniil (Note tliit recor I before correction is rtcoi k 1 on ‘-cak X-l ) UN 
ippointinfe was tlie high pulnionar> arteij pretsure before (6S/-1I) and uftti th opcntlon 
(64/-8) indicating id\anced pulmonary artciy 1 Mi'ise (Pntient «licl J WLCks liter) 

CASb 0 — Also somt- Tf-grti. of mitral sti.no-»ih Tin. left itrlal pus&uics is rctor I ! 
uert. reduce] The mt in left itrial pressures »s iccordul b\ the loft atrNI ainnula whicli 
Mcrt. reduce 1 from 1 ^ mm Hg to ] mni Hg (The fact tint the mein prcRsurcs rc 1 1 
lower was cuiscl h> t slightlj highci bxst, line VNo by waiting 10 or -0 mlnutt s the kft 
atrl il piessure usuall> comes luwn futtlict when the kft \cntrick ins hil i clnnce ti 
I cco\ t r ) 

C\sE G — Vlso consllerihk miti il sknoals \tij gi itifylng re luction m kft iiriil 
pressure after opeiation Vt the sime time the pulinonirv iirtcrj prcssuii. down fro 

C0/3C to 10/1 howc\er one should bt careful in ones optimism in tJus* i« 

coriespon ling peripheral irbriil pressure luring the mn-uring before \/ 

betw* tn 100 ami IJO an I iftcrw irl w is nnlj 80 mm Ifg 
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from the beating loft ventricle can pi’oclnce disastrous sequelae if tliey reach the 
central nervous system. However, air bubbles released during liigh How perl'u- 
sion will l:)e diverted into the coronary circulation. Although ventricular ar¬ 
rhythmia may follow, this is a tran.sient complication and .should not affect the 
ultimate outcome of the operation. 

When perfusion has been discontinued, and the patient is maintained by his 
own heartbeat, pressures again are recorded for each chamber of the heart. If 
surgical benefit has been accomplished, there should be a significant drop in the 
left atrial pressure. In cases of severe mitral insufficiency, the pressures of the 
right ventricle and pulmonary arteries may be unaltered, even though the left 
atrial pressure has fallen a total of from 15 to 30 mm. Hg. In all probability 
this is explainable on the basis of fixed arteriolar resistance in the pulmonary 
vascular bed. In the majoritj* of cases, this pulmonary resistance should grad¬ 
ually subside in response to lasting surgical improvement. 

The immediately postoperative care is little different from that of any 
patient who has' had open cardiotomy with total bodj’- perfusion. Since we have 
employed a single thoracotomy, complications usually are re.stricted to the right 
side of the chest. The patient should receive the care usually given to any 
patient who has severe disease of the mitral valve. In addition, of course, the 
surgical team must attend to the multitudinous details demanded by any opera¬ 
tion utilizing perfusion of the entire body. 

Results .—Time has not permitted proper evaluation of all patients included 
in this series. There have been 4 postoperative deaths. The first patient died 
after surgical fenestration of the mitral valve. The second, a 28-year-old man, 
who had iatrogenic insufficiency after surgical correction of mitral stenosis, died 
6 hours after operation. The cause of death is attributed to diffuse interstitial 
pulmonary hemorrhages; left heart decompression had not been used. The other 
2 patients, both adults with Class IV rheumatic heart disease, died 4 and 6 
weeks after operation; congestive failure secondary to irreversible myocardial 
disease was the cause of death in both patients. 

For the surviving patients, benefit has been assessed only by clinical means— 
none have been subjected to left heart catheterization. Four of these were op¬ 
erated upon more than 1 year ago—each patient has shown benefit by increase in 
tolerance of exercise and in reduction of the size of the heart. 

DISCUSSION 

The surgical attack upon mitral regurgitation, as we visualize it now, is 
palliative in nature. The limited experience and the short follow-up period do 
not allow proper evaluation of our efforts to date. It is quite unlikely that the 
measures now employed will prove to be curative in the strict sense. Treatment 
of an incompetent valve by distortion of the annulus or buttressing of a leaflet 
can hardly be called ideal. However, the incompetent mitral valve that has 
suffered the ravages of severe rheumatic fever is a poor subject for an ideal 
plastic repair. The myocardial and pulmonary damage together with the uglj 
valve of mitral insufficiency render the pi’ospeets of true cure dim indeed. 



\olunie 36 
Number S 


OPEA HJ- IHl SCK&LK^ FOB MIl’H VL lASUPFICIEACl 


67o 


Ne\eithelcf>s, ,in opeiatioii tliat ofters quaiititatue lecJuctioii m tlie clegiee 
of lusuIBcieney is of coiicsponding value If the svugeoii can leduce the sjstolie 
piessiue of tlie left atrium bi 50 pei cent, it is likelv that the patient mil 
benefit aptneciabit Wliethei the measiiies deseiibed heieiii can accoiiiplish 
tins otei a long teiiii surinal leiiiaiiis to be seen Fuitheinioio, tve hate mis 
givings about the fate of sutuie mateiial of any ttpe that must he subjected to 
the fatiguing combination of constant motion and the tension caused bt left 
ventiieular piessuic Hottevci, one thing is cm tain, tlie mitial t alte is accessible 
bv open caidiotoiny utilizing the pump owgeiiatoi, and the patient mtli seteie 
initial iiisufflcieney may tolciate such an opeiatioii it immediate benefit ensues 
Tbeie is anothei factoi that detiaets tiom the picseiit opeiatioii foi initial 
insuffieienci While the siugcoii is ttoilcmg diiecth on the mitial saho eitlici 
alteiing the annulus ot leiiifotciiig a Ic iflct, the extent ot icpaii hecomes a mattei 
ot judgment and expet lenec Theie is no measuimg stick that can be used as i 
theiapeutie guide tihile the hcait is open and in i tuiictionkss state \itual)\ 
the suigoon must uait until the caidiotoiin ineisions lie closed peilusion has 
been stopped, and the caidiac function has hecii lestoud hefoie he can estimate 
the dogiec ot success Exon then, success is onlj p.utialh gauged hv tlu alteia 
tiou in inteiatiial piessmes attm satisfactoiy ilntlim is established Tins dilix 
in evaluation is in shaip coiitiadistmctioii to tlie closed opeiatioii foi initial 
stenosis, in which the suigeon’s index fingci aceui.itch assesses ilti i itums m fli 
xalve duimg and aitci commissiuotomv The digital ev ilnation is piiloinud 
mtliin the fiuietionnig lieait, and guides the suigcon in Ins decision to puism 
the valvulotoinj ot to tciinmate the piocoduie Tins tvpe ot ‘evaluate isvou 
go” ptoeediue is not possible in openheait opciations toi niitiil insnfficienev 
It vvould seeiii that the ideal opeiation foi initial msuffleunev will consist 
of piosthetio valve leplacemcnt Wc ate eiicouiaged to believe that tins will bi 
feasible with the development of bettci piostlietie devices Since the evpostue 
aheady is adequate and the suigeoii has ample time, with oi without cardiic 
ariest, the next advance must bo a teclimcal one In otbci woiels, the postul did 
evnc of mvtial msnfficiency will involve a satisfaetoiv valvulai icplaeemeiit tint 
stimulates fuiietioii of a iioimal v live 
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SURGICAL TREATMENT OF MITRAL INSUFFICIENCY 


Bade B Kay, M D, Cid Noguena, /II D (by invitation), Loins R Head, AID 
(by invitation), ] P Coenen, AID (b) invitation), and H A Znmnennan, 
MD (by invitation), Clei eland, Ohio 

I T Hvs BDE’'! appaicut cluiing the de\elopmental phase of initial ^ahc siii^eij 
that fuithei pioyress ivoiikl come only when the initial \ahe could ho Msiial 
ized adequatcl} and the vaiious pathologic factois appiaiscd, eialiiatcd, and 
eoiioeted iindei diieet Msioii This phase necessitated the sucecsstiil adaptation 
of extracoipoieal ciiculation to left hcait lesions Espeiieiice gamed fioni the 
use of peifusioii techniques m the coucction ot eongonital nglit sided ksioiis 
w'as honeficial Additional factois, howeiei, weie piesent such as the piopei 
appioaeli and exposuie, the adiisabilitv of electnc caidiao aiicst, the puweiilion 
ot an embolism, and the piopei smgieal techniques Obsonations will la pn 
sented fioin the icseaich laboiatoij, as well as t\peiieiiee gained fiom tin dm cl 
iision collection of mitial lahulai disease in 2S patients 

Pathology —Jlitial leguigitation is usually secondary to ihcuniatie in 
voHeiiient of the initial \ahe, but may be congenital in oiigiii Theie aie two 
main tjTies of aequiied initial leguigitation—the pine and the mixed In tin 
pute foim, the xahulai pathologic changes aic at a minimiini Thoic niai be 
some tliiekeniiig ot the cusps, sonic lolling of then ulgis, and sonic umtiaction 
of the cusps leading to a mild degiee ot leguigitation Once tin leguigitation 
has hegun, a self perpetuating set ot ciicumstaneis tends to woisin the piociss 
Ventiieulai li>poitiophj and latci dilatation nsiilts fioin the heait s attempt 
to compensate foi the lessened eaidiac output tioin leguigitation This in tiini 
leads eientuall} to fiuthei dilatation of the iiiiti il annulus and luilhei leguigi 
tation The diiectional flow of blood towaid the aoitic outflow tiact causes a 
gieatei degiee of widening of the posteiomcdial comraissuic and sip nation ot 
the custjs The factoi of nnoeaidial insuffieKiic' assumes giL.itei impoitame 
as the condition woiscns 

The mixed type is composed ot vaixing digiets ot stinosis as well as legiii 
gitatioii The othei ksioiis of iheuinatic icici aie also eiiduit Theie is abso 
lute loss of vahe substance as a lesiilt of the eioatiicial contiaction ot the \al\e 
leaflets Theie aie laiung degicts ot eommissuie ohlitoi.ition guing use to 
stenosis The diseased choidac tendmeae max be fibiotio and foicshoitened 

From tlie Surgical Ser\ice of St Mnccnt Chari > ifospital Cle\el»nl Ohio 
Vi k 1 in part b> i >,rint from the Ck\elin«I \ri i IIi irt Soclttj 
Read It tlic Tluitj eichtli Vnnuil Meetin*, of The Vine lie in ' 'or 

Sviri,cr> at Boston 'Mas'- M li IB 18 19iS \ 
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dilution ciuies, and lliodijst studies Althoii''li tlase oxaimnatioiis in skilled 
hands aie not assoeiatid iiitli anj gieat degiee ot complication, tlicj aie still 
ioiiiiidable and tieqiieiith (\haiistiiig to the sick eaidiac patient, and not nitic 
quently do not provide the disucd mfoimatioii Suiee iie now have effective 
siugical techniques to cope with legnigitaiit lesions, as-well as iiiiiltiial\ulai 
disease, the need for tins moie piccise pieopeiatiie iiifoiniation is less iiiipoitaiit 
111 view of the fact that it can be readilj obtained at the tune ot siiigieal e\ 
ploiation b} piessuie studies and direct cxaniination 

The histoiy, clinical course, and phisical examination still icniam a veij 
iiiipoitant aspect of tlie appraisal The electiocaidiogiani and loentgen exam 
Illation gne valuable iiifoiniatioii as to elnnibei h>peitiophj and sticss It is 
paiticulaily valuable to bare pievious studies available foi coinpaiison to dttei 
niiiie whetliei signiiieant change oi piogressioii of disease has occiiiied Pliono 
eleetroeaidiogianis aie eniplojed foi coinpaiison with postopeiatiie studies A 
definite iinproveiiient in the valve sounds is now being laaid, which was i \ei} 
mfiequent occiiiieiiee in patients operated upon bj closed tcchiiuiiies Eight 
sided cardiac catheteiization, with and without exeicise, a simple and eiitiielj 
safe technique, is loutinely employed to deteiminc the status of and changes in 
the pulmoiiaiy vasculatuie, as well as piovidmg mtoiniatioii legaulnig cardiai 
output and zeseive 

Puliiionaiy wedge piessuie studies obtamed at this tune not onl\ inovid 
an index as to left atiial piessuies but also piovide snggestne evuUiici ax to tin 
pieseiiee of regurgitation and/oi stenosis, oi both It is impoit mt to defeiinnu 
the piesence oi absence of ihoumatic activitj hv sediment itioii tales md tin 
piesence of C leaotive piotoms A peiiod of obseivation in tlic hospital oi tin 
teinperatuie and pulse is inipoitant Livei and kidnov tunction tests an ein 
ployed when indicated In some instances, a longei peiiod of obscnation is 
iiecessaiy to determine the patient’s response to definitive theiapv m the pics 
cnee of failuie The likelihood of a successful icsult is not gieat m a p itient 
showing progiessive evidence of caidiac faihiie while on a stiict iindical 
legimen 

If the above studies show the patient (o ht syniptouiatic, to iiave an eii 
laiged heart, to have eleetiocaidiogiaphic evidence of left vciitiieulai and atrial 
hypeitiophj, and evidence ot pulinouaiy hypeitension which is aggiavatcd hj 
exeicise and does not liave signs of activity, thui opeiation is rccoiiiineiidcd 
paiticulaily, if seiial exammations levcal % definite piogiessioii in such findings 
ovei pievious examinations The caidiopulmonaiy reseive is gieat in patients 
with initial leguigitation-—once tlieie is evidence of piogiession of the above 
findings, we believe it is unwise to postpone opeiation to await moic nigciit in 
dieations because of the detiimeiital effect on the myocaidimii winch may com 
piomise an otherwise successful lesult 

OPEKATIVE VPPRO VCH VND EXI'OSURn 

The initial valve can be adequately exposed from eithei the left oi right 
side A left sided exposuic was used in foui instances and a light sidid ex 
posure 111 twentv fom The 4 patients in whom a left sided exposuic was used 



678 


KAY, KOGUEIBA, HEAD, COENEN, ANE ZIMMEEMAN J. Thoracic Surg. 

November, 1958 


which, in conjunction with the inversion ol! the leadets into the ventricular 
chamber and adherence to the endocardinm, causes the valve to have varying 
degrees of fixation in the open ])osition. Again, in an attempt to compensate tor 
the regurgitant how ot blood, the ventricle undergoes hypertrophy and dilata¬ 
tion, with conse(inent annular dilatation and aggravation of the pathologic proc¬ 
ess. xVll gradations between stenosis and regurgitation may bo encountered 
from being predominant stenosis to predominantly regurgitant. As such, the 
valve orifice configuration, as noted in Fig. 1, may be teardrop, fishmouth, pat- 
idns, or wholly irregular from extensive loss of valve suh.stance. We have been 
impressed with the greater degree of regurgitation noted visually over that 



PURE TEARDROP PATULOUS 



FISHMOUTH TRAUMATIC LOSS OF VALVE SUBSTANCE 

Pig. 1.—Diagrammatic sketch oC variations in pathologic process in patients witli mitral re¬ 
gurgitation. 

detected by the intracardiac finger. Although the regurgitation takes place 
inost commonly and to the greatest degree at the posteromedial aspect of the 
Vcilve, it may be general or occur at the anterolateral aspect. 

Traumatic regurgitation may result from an improperly executed com¬ 
missurotomy. This was present in 1 patient in this series, in which the patioiit 
had undergone a commissurotomy at another hospital 2 years previously and had 
been Avorsened by the procedure as a result of an inadvertent incision in the 
lateral leaflet. 

SELECTION OP PATIENTS 

In the recent past, prior to an effective techniciue for the surgical correction 
of mitral regurgitation, considerable effort Avas exerted in the selection of pa¬ 
tients for valvular surgery, directed at excluding patients Avith mitral regurgita¬ 
tion and multivalvular disease. ]\Iany diagnostic tests Avere employed to aid in 
this differentiation, including left-.sided cardiac catheterization, Evans blue dye 




suifCrK \.r iHLinnM or viiiiAL is\sui}icii''\ci nro 

dilution cui\ts, and Diodiast studies jUthou^li tlusc o\diiimations lu skilled 
hands die not associated mtli any gieat degiee ot coniplicdtioii, tlicj aie still 
toiimdable and tiecjucnt]\ tsliaustiiig to the siek eaidiac patient, and not iiitic 
quently do not piovide the desiied infoimatioii Since we now have cftcelive 
suigical teeliiiiques to cope iwth legingitant lesions, as well as inultivaUiilai 
disease, the need foi this nioie piecise pieopeiatiie infoiniation is less impoitant 
in view of the fact that it can be readdj obtained at the tune of suigical e\ 
ploiatioii by pressiiie studies and diiect cvammation 

The histoiy, clinical course, and iilijsical evaiiiuiatioii still leiiiaiu a veij 
nnpoitaiit aspect of the appiaisal The ekctiocaidiogiani iiid loontgon esaiii 
inatioii gne valuable mfoiniation as to ehaiiiliei hjpeitiophi and stiess It is 
paiticularlj valuable to h<ave previous studies available foi compaiison to detci 
mine wliethei significant change or progicssion of disease has occmied Phono 
eleotrocaidiogiams aie emplojed foi compaiison with postopeiative studies A 
definite improieiiitiit in the valve sounds is now being lieaid, whieli was a very 
infioquent oceuiieiice in patients opeiated upon by closed technuiues Right 
sided caidiae catheteiization, with and without cxcicise, a simple and entirely 
safe technique, is loutiiiely emplojed to deteiinino the status of and changes in 
the pulmonaiy vasculatme, as well as piovidmg lufoiniation legaidmg cardiac 
output and leseive 

Pulmonaij wedge pressuie studies obtained at this time not oiilv piovido 
an mde\ as to left atrial piessuies but also piovide suggestive evidence as to the 
presence of reguigitation and/oi stenosis, oi both It is impoitant to deteiimiie 
the piesence oi absence of iheuiintic activity by sedimentation latos and the 
piesence of C leactive proteins A pciiod of observation in the hospital of the 
tempeiature and pulse is imiioitaiit Livei and kidney function tests aio ein 
ployed when indioated In some instances, a longei peiiod of obseivation is 
necessaiy to deteimine the patient’s lesponse to definitive theiapy in the pies 
cnee of failuie Tlie likelihood of a successful result is not gieat in a patient 
showing progiessivc evidence of caidiac failiiie while on a stiict medical 
icgimen 

If the above studies show the patient to be symptomatic, to have an en 
laiged healt, to have eleotrocaidiographic evidence of left ventiiculai and atiial 
hypeitiopliy, and evidence of pulmoiiarj hypertension winch is aggiavatvd bj 
exeicise and does not have signs of activity, then opeiatioii is lecommeiided, 
paitieulaily, if serial examinations leveal a definite progiession in such findings 
ovei pievious examinations The eaidiopuhnonaiy icseive is great in patients 
with mitral leguigitatioii—once theie is evidence of piogiession of the above 
findings, we believe it is unwise to postpone opeiatiou to await iiioie urgent in 
dicatioiis because of the detiimental etfect on the inyoeaidiuin winch niaj com 
piomise an otheiwise successful lesult 

OPtRVTIVF API'KOlCH IVD E-XPOSUBF 

The initial valve can be adequately exposed fiom eithei the left oi right 
side A left sided exposine was used in four iiisfances and a light sided ex 
posiiio in tvveiitv foui The 4 patients m whom a left sided exposuie was used 
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had only a small area of left auricle presenting' on the right side. It was felt 
initially that this might limit the length of the incision in the airricle and in turn 
impair visibility if tlu' mitral valve wore to he exi>osed from the right side in siieli 
instances. Subse(|uently, il has been found that an adetiuate expos\ire can be 
obtained from the right side in s])itc of the amount of left auricular wall pre¬ 
senting into the right hemithorax. 

A right anterolateral incision with splitting the sternum and with the right 
shoulder elevated 20 to 30 degrees, was used in twenty-one instances and a pos¬ 
terolateral approach in three. We prefer the right-sided anterolateral approach 
for to us it appears easier and faster. It requires a smaller incision and is as¬ 
sociated with less blood loss and operative trauma. A more adequate exposure 
of the aortic valve is obtained if operative correction of this valve is also re¬ 
quired than is possible in a posterolateral approach. Furthermore, in the ad¬ 
vent of cardiac arrest or ventricular fibrillation, access to the heart is more 
readily obtained. Exposure and eannulation of the femoral vessels is easier 
from this approach than in a posterolateral one in that with us this aspect of 
the operation proceeds concomitantly with the thoracotomy. If an extreme 
posterolateral incision is employed, the aortic valve becomes rotated to the left 
anterolateral aspect of the mitral valve so that there is less room in the ventric¬ 
ular outflow chamber for the collection of air. However, this is felt to be an un¬ 
important aspect in the etiology of air embolism. 

ADVIS.VBILITY OF C.VRDL\C .VUREST 

Feeling initially that there was greater safety from air embolism with the 
use of cardiac arrest, this was utilized in the 4 patients operated upon from the 
left side and in the first 3 patients operated with the right-sided approach. In 
one instance, in Avhieh a left-sided approach Avas employed, evidence of transitory 
cerebral air embolism Avas noted postoperatively. AYe do not feel that the use of 
elective cardiac arrest is a factor in the prevention or etiology of air embolism if 
the other precautionary measures arc employed. 

To correct mitral insufficiency surgically the surgeon must have a knoA\d- 
edge not only of the structural changes present but also of the relationship bc- 
tAveen structural changes and functional changes. Functional changes in the 
case of valvular disease means motion—the proper opening and closing of the 
valve. Nothing short of observing the valve mechanism in the beating heart Avill 
alloAv the surgeon information as to the pathologic physiology of that patient’s 
valvular mechanism. AVith the heart beating, the factors contributing to the 
regurgitation can be properly assessed and evaluated; the location of the regur¬ 
gitation—by no means constant—can be determined and the effectiveness of the 
correction noted. In several instances, annular plication at one site distorted 
calcified valves so that regurgitation occurred elscAvhere. In such instances, 
visualization of this regurgitation in the beating heart alloAved further repair 
and obviated a partial or poor resrdt. 

Other advantages of alloAving the heart to beat arc that such operations 
need not be hurried. The impaired myocardium is kept Avell oxygenated and 
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there is no danger of the occasional difficulty in restarting the heart wliich may 
be encountered in patients in whom the myocardial reserve is poor and which 
may be lianned further by the detrimental effects of potassium or anoxia. There 
has been no apparent harm resulting from the use of temporary or intermittent 
aortic occlusion if employed during the procedure to allow a drier field during 
the initial placement of the sutures in the event of considerable aortic and ven¬ 
tricular regurgitation. 


AIR EJIBOLISJt 

Laboratory experience showed us that tlic mitral valve could be approached 
from the right side, with the heart beating, without a high incidence of air 
embolism. Also, there had been no evidence of air embolism in our clinical ex¬ 
perience in patients witli atrial septal defects, atrioventrieularis communis, and 
tramsposition of the great ve.sscls, corrected by atrial septal transplantation. 
These patients were also positioned in a .similar manner with the right side of 
the body elevated approximately 20 to 30 degrees with the opening in the auricle 
higher than the mitral valve. 

In spite of the above, 1 patient approached from the left side with cardiac 
arrest, and 3 patients approached from the right side idlowing the heart to beat, 
had evidence of air embolism postopvratively. Two of these patients had a right 
anterolateral incision and the third a right posterolateral incision. Three of 
the ■!; patients had primarily stenotic rather tlian regurgitant valves. The 1 
approached from the left side was primarily regurgitant. In 1 patient the 
escape of air into the aorta was apparent even before the blood in the auricle 
was entirely aspirated and the valve visualized. Two sueee.ssivo ventricular dias¬ 
toles sucked tlie auricle not only dry of its blood content but also sucked in air. 
In such instances, the resistance of the stenosed mitral valve aia.v l»‘ greater than 
the systemic pressure against the aortic valve which, in the pre-sonee of .i forceful 
ventricular contraction, ma.v allow the ventricle to immp air and team into the 
aorta. Evidence of air embolism was not encountered in iialient-s Inning pre- 
dominant mitral regurgitation, except for the 1 noted above, n eau.so of rhrsi- 
incidents of air embolism, the problem was again studied in t a' a auatory. 

Previously in our laboratory work, evidence of air enilwlisin was r.oud erry 
at the conclusion of the operation and the particular 'jj^v 
teelmical maneuver, that perhaps caused it, etadd ""'.^_ui\toiv Iw 
properly. A .series of experiments were eominele'i tu;e -r.: 

bubble trap was inserted into the arch of the —fii.c-. a.' 

arteiy so that the presence of air could be inuun-'n' A '-et'V.o , ^ 

various maneuvers 


rs incident to mitral valve ■ 


were then duplicated with the followirg 

1. The mitral valve could be e-'P'*^''7”' 

could be emptied of its blood eoatca: ats- ... 

culation as long as the aninil '-‘V',, 
prc.ssures were prevented fiv:a 

(Fig. 3). If the aortic valvv, .ww.-v,v, i-'-' .>■ .-•-C • • -v 
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or by undue tension upon the aortic cusp of the mitral valve, then air occasion¬ 
ally escaped into the aorta, even in the presence of aortic regurgitation. This 
was not a constant finding. 



contributing to air embolism detected experimentally by means of bub- 
Dio nap m biacluocephalic artery and pressure manometers in aorta and left ventricle. 



Fig. 3 .—Factors Contributing to Air Embolism. Manometer tracing demonstrating ab¬ 
sence of air embolism as long as mitral valve is kept partially open so that ventricular systolic 
pressure never exceeds aortic diastolic perfusion pre.ssure. .■!, Valve closed. B, Valve open. 


2. A small collection of air could collect in the ventricular outflow chamber 
adjacent to the aortic cusps which might not be regurgitated into the auricle 
upon filling'. If the ventricle and aui’iele were allowed to fill udth blood for 
closure without aspirating this air, then, as soon as the mitral valve was allowed 
to close, the ventricular beat woifld become effective and this air could escape 
into the systemic circulation. 
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3. If the mitral valve was kept open, allowing blood to collect in the ventfic- 
ular chamber and anriele, foam m the ventricle would be washed back into the 
auricle. As soon as the air bubble in the ventricle, vhen present, was aspirated, 
and the foam had escaped or had been aspirated, the instrument holding the 
mitral lalve open could lie lemoved when the auricle was filled with blood and 
the auricular incision closed without evidence of air embolism. 

-t If the aorta were clamped because of regurgitation, the aortic vaUc may 
open and allow air to eolleet pioximal to the clamp Conseiiiiently, such a 
clamp should be placed close to the aortic valve rathei than neaior to the arch 
to eliminate this potential air space. In case of doubt, one should aspiiate the 
base of the aorta for air wliile releasing the clamp 


LEFT AURICULOTOMT 

PRESSURE recording IN LEFT VENTRICLE AND AORTA 


AORTA 

k VO 


3 ^ 

0 





Kij; 1—Factoi*? Contributing to V'> JJinboJi**!!! Manometer iracmfr tlcmon>»ti ^tin^' inr* 
sence of ail embolism A%hen circumstances illow \cntrlcular sjstolic pressure to cxiccl iioilU 
j}rrf\ision pressure. 


5. By simulating mitral stenosis by partially occluding the mitral orifice by 
suture, keeping the small residual stoma open, or with the mitral valve closed 
allowing blood to ho legnrgitated into the rentiicnlar chamliei, and with a 
pressure recorder in the \entiieuhu' eliainlier and aoita, air could escape during 
the diastolic aortic phase, it the reiitiiculai s.rstulio piessiiie exceeded the dia.s- 
tolic aortic pressure resultni” tiom a low aoitic perfusion pressme or a highly 
pulsatile type of arterial pump (Fig. d) Coiiseiiiienlly, a higii iieifusion 
pressure should he maintained and a iioiipulsatile pump, or a imisatile . -up 
witli only minimal phasic differential in picssuic, siioiild ’ 1 t 

a constant pressure against the aortic valve. 
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During- the surgical correction of mitral insufficiency, the effectiveness of 
closure of tlie mitral valve is so inefficient during the early phases of the tech¬ 
nique that ventricular systolic pressure can never become great and is easily 
dissipated in a retrograde direction. As the effectiveness of the correction pro¬ 
ceeds, and as the regurgitation lessens, the resistance in the mitral valve may 
become sufficiently great so as to allow the ventricular systole to push air and 
foam into the aorta. Consequently, as the mitral valve becomes more competent 
or as the effectiveness of repair is being evaluated, an area in the valve region 
that is competent should be kept partially open to prevent the left ventricle 
from obtaining systolic pressures effective enough to pump air or foam into the 
systemic circulation. This instrument should keep the mitral valve partially 
open until the completion of the repair, until all the foam and air have been as¬ 
pirated from the ventricle, and tintil the blood has largely filled the auricular 
chamber. 

Three of the 28 patients undergoing direct vision correction of mitral de¬ 
formities, who had transitoiw evidence post operatively of cerebral air embolism, 
had varying degrees of mitral stenosis. Although the valve was mainly stenosed, 
a rigid opening or stoma remained through which air and blood could be sucked 
during ventricular diastole. The resistance of this stenosed valve during ventric¬ 
ular systole Avas greater than the pressure against the aortic vah'c, so air and 
foam Avere apparently discharged into the systemic circulation. In contradistinc¬ 
tion to patients having primarily regurgitation, those Avith stenosis are more likely 
to have evidence of air during the initial phase of the operation and this danger 
continues throughout the period that the mitral valve is exposed prior to the 
commissurotomy. To minimize this hazard, the mitral valve should first be ex¬ 
plored digitally. If significant stenosis is present, it should be partially relieved 
digitally and an instrument inserted to maintain the valve in an open position 
before the auricle is emptied of its blood content for completion of the com¬ 
missurotomy and correction of the regurgitation. 

If the auricle is filled AAuth clot, as it Avas in the three instances, or if the 
mitral valve is so highly calcified that the danger from calcium embolism from 
the digital opening is too great, then the aorta should be clamped at its base 
before these mitral maneuvers are undertaken. As soon as the clots arc re¬ 
moved, the commissurotomy performed, and the loose calcium removed from the 
valve, an instrument can then be inserted to hold the valve leaflets apart; the 
anesthetist temporarily occludes tlie common carotids, and the aortic clamp is 
sloAvly removed. It is important in such instances that a filter be employed in 
the sump circuit to avoid embolization through the machine. 

TECHNIQUE 

A rotating disc oxygenator Avith a Sigmamotor pump Avas used initially. 
Decently a roller pump has been used (Fig. 5). Occasionally, but not routinely, 
tlie right auricle is cannulated for coronary sinus blood to return to the ma- 
cliine. Because of the extraordinary amount of blood that may be regurgitated 
into the auricle ca’cii in the presence of a normal aortic vah^e, it is necessary to 
have adequate sump facilities to handle as much as 2 to 3 L. of blood if nec¬ 
essary. We haA'e employed tAvo sumps—one Avith a filter system—to be used 
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m tlie o\ent ot eonsidc ial)lc calcium deposits ot clot, and the othei iiithout Tmd 
bubble tiaps aie acailabb to liandle tins iiieieased sump load, it iiciessan 

A doM late ot 50 c i jii i Kil(i,>iam pel iiiiiiiiti iiliicli usiilts iii an aitiiid 
inflow of 8 (o 4 Ij pel niimilt has siiffucd to iiiainlaiii a nnan ailciial piessiiu 
of 70 to SO Him IIs Tin iiillon eaiiniila is ahiais in the comnion toiiioial 
aitoij thioup:]! the siipiifitial lemoial <ntciy The lenous letuiii to tlie osjgen 
ator has been In pump suction icgnl.ifiu!; the cenous letiun by maintaining the 



leiia caval pussiue at pie-peifusion le\cls This, mi tool, gnis ns a bettei 
coiitio) oici hodj blood colume Constant nionitoiing of the mean aiteiial 
piessuie, mean etna caval picssine, ilcctiocaidiogiam, elcctioincephalogiam, 
pO-, pCO,, and pH, bodv and osjgcnatoi tempeiatiiic piovidc ns vvitli a constant 
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physiologic status of the patient. Hematocrit, liemoglobin, and body weight are 
determined immediately prior to and following surgery. The patient is placed 
on a heated mattre.ss with the right side elevated between 20 to 30 degrees. 

As an anterolateral incision with transection of the sternum is being made, 
the femoral eamiulations for arterial input, arterial manometer, and intravenous 
infusion are being made simultaneously. 

In ease of question, the status of the tricuspid valve is determined by digital 
exploration. Pressvrre recording of the aorta and left ventricle are then obtained 
to verify or eliminate coexistent aortic valvular disease. Pressure recordings of 
the left auricle are then made. The extracorporeal perfusion is then begun while 
the left auricle is incised and the mitral valve digitally explored. If the mitral 
valve is obviously incompetent, the siunp then empties the left auricle of its 
blood content so the various factors contributing to the regurgitation can be 



Pig. 6. —^Diagrammatic sketch of variations in technique of annular plication and valvular 
substitutions employed in the surgical correction of mitral insufficiency. 


further visualized and assessed. If a significant degree of stenosis is also 
present, the valve is opened as widely as possible digitally and an instrument is 
inserted betAveen the valve leaflets prior to aspirating the blood from the auricle. 
The commissurotomy is then completed under direct vision. This is follotved by 
visualization of the Amlve cusps and chordae tendineae. In patients Avith pure 
mitral insufficiency, it has been necessary not only to plicate the annulus at both 
the commissures but also anteriorly and posteriorly (Pig. 6). As the valve be¬ 
comes more competent, it is important to keep an area of the valve separated to 
alloAV regurgitation as other aspects of the valve are being evaluated. Several 
mattress sutures should be used in the plication of each area so that an adequate 
apposition of the tissue is forthcoming. The sutures should be Avithout tension. 

In patients Avith mixed mitral stenosis and regurgitation, it is important 
that a complete commissurotomy and valve leaflet mobilization be accomplished 
prior to correction of the insufficiency for otherAvise an extensively calcified 
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commissure prevents, oi- may prevent, anmiiar approximation oi tlie vnUe l)y 
plication. If a liielily cnlcifiod commissure or cusp prevcut.s cuspal ajiiiroxima- 
lion, the residual opi'iiiti" can he <)liliterate<l by ineorporatiii}; a plus of Tvalon 
in the plication. (Jccasionally, it is possible and beneficial to remove the bttllc 
of thi.s calcium prior to the annular plicatioit. 

In an occasional patient, one of the mitral ciisp.s—usually the mural—will 
be so destroyed from the rheumatic involveiueut as to lack adequate valvular 
substance. In such instances, valve substitution in the form of a sheet of com¬ 
pressed Ivalon (10 to 2 } eati be incorporated on the ventricular asjieet of the 
ctisp as demonstrated in Fig. 6. 



7,—Diagrammatic sketcli of surgical correction einplojetl In patients uilh congenital 
mitral regurgitatton assoclatoU with alno\entiiculaiiJ> communli.. 


Ill 1 patient the regurgitation present resulted from an inadvertent cut 
into the posterior leaflet below the lateral commissure by a coinmi.s.siirolom,v 
knife during a previous operation at another ho.spital. Four interrupted 
mattress silk sutures were employed to .sew the tout cusp. A coninii.s,surotom.v 
nas then performed, followed by an annular plieatioii at the jio.steroiiiedial 
commissure. This patient had an execlleut result and is completely feee from 
any murmur. 

CO-VOENTtAL JIITIIAL REaUKGIT.VTlOX 

Congenital mitral regurgitation is usually associated with ali-ioveiilricuiaris 
eomiminis. Two forms appear to exi.st. The more common form is a cleft an¬ 
terior cusp which is in reality probablj the division hetweeii the common antcriov 
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and ])o.stci'iov alnovcndrieular cusps oi* llic initval and tricuspid valves. The 
other form noted lias been tlie absence of an antc'rior cusp oi- tlie presence of a 
very rudimentary cusp. Tlu' septal aspect of the annular system of both valves 
may he defective allowin'* the further dilatation of such valves. 

Succe.ss of surgical correction is not only dependent upon the closure of 
the septal defects without tension hut the effectiveness with which the valvular 
incompetence can be corrected. In the event of a bifid or cleft cusp, both the 
mitral and tricuspid aspects .should be approximated by several interrupted 
sutures. Valvular approximation should also be aided by approximating the 
anterior and posterior aspects of the annular .system at the septal level. 

Wlien the septal cusp is so rudimentary as to be entirely ineffective, the 
closing mebhanism of the mitral valve results from closure of the mural leaflet 
again.st the ventricular septum. With closure of the septal defect, a shift of the 
.septum to the rigid results, camsing further incompetence of the mitral valve. 
Competence of this valve in one instance appeared to be effected by fashioning 
an Ivalon septal cusp in continuity wdth the Ivalon patch n.sed in closure of the 
septal defect, as illustrated in Pig. 7. 

incsuLT.s 

The incompetent valves in the majority of patients with mit.ral regurgitation 
can be surgically corrected by the tcchni(iues described. The ease and effective¬ 
ness of the correction is largely dependent upon the severity of the pathologic 
process. Valves composed of .severely matted cusps and chordae tcndincac, loss 
of valve substance, or those which arc highly calcified, arc the most difficult to 
repair and, .short of valve replacement, the surgeon in some instances must be 
content with a result short of ideal, obtaining as much improvement as po.ssible 
by the plastic procedure and the addition of the plastic prostheses that are 
available at the present time. The role of chronic myocarditis, myocardial 
failure, and the presence of other valvular defects also are important factors in 
the eventual re.sult. Fortunately, the pathologic process in the majority of the 
valves is such that they can be corrected and the myocardial reserve is usually 
sufficiently great as to provide .satisfactory function. Fortunately, the number 
of patients whose process has extended beyond surgical redemption will be few. 
With continued progress in this field, earlier surgical intervention, and proba])lc 
le.ssened severity of the pathologic process from improved therapeutics, greater 
benefit can be anticipated in the future. 

It is too soon to attempt an evaluation of the surgical results obtained in 
patients with mitral regurgitation corrected by the open techniciuc, for this 
group have only been operated upon within the past year. However, compari¬ 
son with the early residts obtained previously by closed methods allows for con¬ 
siderable enthusiasm for the open technique at present. The eventual results 
will be dependent not only upon the effcctivene.ss and permanence of surgical 
repair, but also irpon the myocardial reserve and the reversibilit}’’ of pulmonary 
vascular changes. The disease process in the majorit}’’ of patients was sufficiently 
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so\eie as to cause left \ ntii ulai Inptitiopiiy, left atiial enlaigement, se\orL 
pulmonaiy Inpoitension, uni nght veiitiiculav livpeitiophy Witli itiersal oi 
impioiement in the piilTiidn ha \ isclilai changes AVith fuitliei time, eieatei 
benefit might be .uiticipatecl it a later date 

Tlie maikod impioAeimiit in atiial piessuits obtained unmediateli post 
opeiatnelj (Table I), tlio lapiditA' ot the tomalcseenec, the dcciease in hcait 
biao, and the lapid ineiease m eseicise or cvoik toleianee in the inajoiitA ot 
patients lolloping opeiatioii, all point to a giatifjing o\entual lesult Koutiiie 
caidiac o\ablation studies,, mcludiiin eaidiae cathcteiization aie obtained 6 
moiitlis to 1 jeai following siiigcij Time has not alloived the eoiiipb te pel 
toiiminee of these studies as yet 

TAurr I MiTPii Regukoitviiov 



ri^FssuRL REcoruisr 

ILFT vuriup (imu Hg; 

PREOPEP VT1\ L 

i I OSTOIEK \TI\ L 

7 ^V 

30/25 

18/4 

33 

68/J6 

12/4 

AI L 

42/19 

22/15 

r B 

70/2,1 

36/10 

C AI 

60/24 

16/7 

J p 

10/12 

V2 

P c 

36/20 

16/8 

S T 

J6/11 

s/4 

E ir 

26/22 

30/4 

7 S 

30/17 

20/8 


Theio Aioio SIS. deaths in this gioup. an opeiatno inoitalitA of 20 iici eont 
All aiialcsis of the cause of death in these patients shous that in the iutiiio 
AMth gieatei espeiience some of these deaths eaii imdoiibtodiA lie avoided 
Failiiie, in the fiist patient to be opeiatcd upon, Aias tlionght to be due to the 
picseiiee of a soieielv caleificd and elestioAed Aahc, a pool poifiisioii and a 
blood iiiibalaiico at the end of the opeiation Taao patients died niimodiatelA 
postopeiativoly fiom Aihat Avas felt to be pooi myocaidial leseiAC Avith 
iiiAOcaidial tailuie One patient died lioiii eitliei an oi caleium embolism 
One patient died fiom an electiolyte niibalaiicc and lenal failiue This patient 
had a loiigei peifusion peiiod than usual due to tlie iiiabilitA to iiiamtam a sat- 
isfaetoiA caidiac output An atiial septal defect A\as bitci found that had not 
been detected pievioiislA As soon as tins Aias closed the lieait Mas then able to 
maintani a good output The cause of death m the otliei patient Mas due to an 
elccUohte imbalance Mith ictentioii of fluid, abdommal distention, and pul 
moiiaiy edema In the futuio, it is felt that complieatioiis due to an embolism 
can bo pievontcd and those due to olectiolAte imbalance laigch' oAeicomc 

COAIAII s I 

It IS lelt tliat Mitli the use ol a meeliaiin il pump o\Ageiiatoi, diieet Aisioii 
eoiieetion ot imti.il leguigitation Mill iioM be a lealiz.itioii in the iii.ijoiilj ol 
such patients The Aahes m a feA\ patients aie so dostiojcd that nothing shott 
ot \alAO leplaccnicnt Avill suffice The opeiatuc moitalilj and morbiditj dining 
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tlie developmental phase has been low. Some of the technical factors contribut¬ 
ing to this mortality and morbidity are coi*rectablc. Others, such as pulmonary 
vascular changes and poor myocardial reserve, can also be largely avoided by 
earlier surgical intervention. 

summary 

Surgical correction of mitral regurgitation can now be satisfactorily accom¬ 
plished in the majority of patients with mitral regurgitation. The selection of 
patients for surgery based on the cardiae evaluation studies is discussed. The 
aspects of the surgical teehniciue, including the approach and exposure, the 
advisability of elective cardiac arrest, the prevention of air embolism, and the 
correction of the incompetent valve are described. Factors contributing to the 
operative mortality and morbidity, the majority of Avhieh can be corrected or 
prevented, are discussed, 'flic initial results have proved to be exceedingly 
satisfactoiy, and, with further experience, sliould be even more gratifying. 

Discussion 

(Papers by Eppler [page 6<j5J, Kay [page 677] Axu Their Associates) 

DB. H. T. NICHOLS, Pluladclphia, Pa.—I have cnjoyecl the papers of Dr. Effler and 
Dr. Kay very mueli. I rise merely to meiitiou our experience with 92 operated cases of 
mitral insufficiency. The surgical tecliiiique has been essentially the same in all cases and 
was reported to this Association in 1956. 

(slide) Tliis illustrates the method of affixing one part of the mitral annulus firmly 
to the other. 

(slide) This shows the sutures tied into position. 

The operative mortality by the original closed technique rose subsequently to 27 per cent. 
We tlien switched to the open teclinique in some of the poor risk patients, but lost 4 out 
of 5 so operated upon. 

The majority of the mortality in our patients operated upon by tlie closed technique 
seemed to occur during the intracardiac manipulation required in applying the plicating 
sutures. The cardiac output seemed to bo reduced by the surgical maneuvers with resultant 
decrease in coronarj^ flow leading eventually to cardiac arrest or ventrieular fibrillation. 
More recently, we have employed partial cardiopulmonary bypass with a closed technique in 
an attempt to get through this most critical part of the operative procedure. 

The left thoracotomy approach is used. The uptake catheter to the extracorporeal 
circulation is inserted into the outflow tract of the right vontrielo and the output catheter 
is inserted into the right femoral artery. Wc have now opeiaited on 10 patients by this 
technique with no mortality in the operating room and one late death about 3 weeks post- 
operatively. 

DB. FEEDEEIGK S. CEOSS, Cleveland, Ohio.—I would like to compliment Dr. Kay 
and Dr. Effler on what amounts to pioneer work in this rapidly advancing field. Frequently, 
the clinical achievements advance so rapidly, however, that we fail to appreciate some of 
the basic principles involved iu a particular surgical problem. L would certainly agree with 
Dr. Kay that the important considerations iu evaluating techniques for open mitral valve 
surgery are the accessibility of the valve, the iiieidence of air embolus, and the necessity 
for adjunct cardiac arrest. Wo have worked on this problem in the surgical research labora- 
otries at at. Luke's Hospital iu Cleveland and our experimental findings have been sub¬ 
stantiated by recent clinical experience. 

(slide) On looking at the location of the mitral valve superimposed on the cardiac 
outline, it is noted that this valve is some distance witliin the heart when approached from 
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the right side 'llii« ni i\ not ho too iiiipoitiiit dt ilnig ^\lth miti il iiwufhtun j 

ented with m oxtiemcl^ I'ligc left itiium whicli nffords ‘iduiiiite (\po‘«iin. How('\er, in 
miti il btenosis witli a fiirh iiornnl loft ntriuui, propci evpo'suro can he i problein ^\hcM 
the mitral \alTP is approarlnd from the left side thiough i tnii-^Hteinil nn ision, the oinrv 
tor maj bo uliui his work but aa J)r Efllir stitul, tiu \ il\i is still ditficiilt to Msuah/t 
because of the diiiendout position of the lift itrium Visu ilizition of the i live is iiia«Ic 
more difficult b> the fut tint the endue »ip<\ tuids to elevate when the pencarcluun is 
opened wadelj This difficult} eau bo ob\iated to a gicat extent b} stopping the heart 

(slidej Moil importuit than pioptr exposuic, wlieu considering luij appioacli to the 
mitral vahe, is the iisk of air cmliolus fiom iLSidual trapped m the left \entricle The 
slide shows how an an bubble might be trapped in the left \entriculai outllow tract witli 
the patient in the supine position Without taking speciil piecaiitions, this air bubble n» 
difficult to lemoie during or aftu cardiotomj closure 

(slide) The next slide shows the relatue position of the carJiae ehambers in the \ irious 
approaches to the mitral vaho With the patient supint, the heretofore usual position foi 
open cardi 10 surgery, it is notid that much of the left xentricle is superior m position to 
the left atrium affording the possibility foi air to be tripped in the left lentncle Ihis 
potential for the tiappiiig of an air bubble in the left xentiicle is int witli ill of tlu 

left sided appro ichcs Howevei, is noted from the sbde, this i** not true wlion tho mitral 
lalve is approichcd from tho light side AH jiortions of the lift %entriLlc arc dipuident 
in position and it is a simple nuttei to ht the left lentntle and left atrium fill with blood 
prior to tlu elosuie of tho myocaidiotoiiu B\ Icipiug tlu initial ^alvc opm i>i tho left 
atrium fills, no ur can accumulate in the hft xeiitiiculu outflow tract It is forced out of 
the cardiotomy incision placed in the siipmoi xiosition The tripping of air is thus iioulcl 
Ihis IS true whether or not the Iicut is ipproielicd through tlie right latiral or tli r ght 
anterolateral approaeh In addition, tho lannulations foi the hcaitluug Ij^u-ss ir is 1 
made from the nglit side, the other \ahts au ea'*il} approailu 1 it neccssin ml tl r 
IS the added dividend that adjunct cardiac irrcst is not luccssin 

Expenmentally, with the right sided approaclus to the mitral i 1\* there was no mst niee 
of air embolus Air embolus was a lommoii ociurienee )iowe\»i with the kftsidil ij 
proaclies, but, it could be proventid bj pi leuig a \eiit eomuetel to suction in the 1 ft xen 
tricle during and immediately iftu tlosun of the uixocaidiotoin} It would seem thin it 
the present time the right sided ijipioathes to surgeiy of tli mitral \al\e aic fhn most 
desirable 

DK AKTIIUR MNliBLRG, Montii il Quebec—A Jo year old theater usher was ad 
nutted to the Kojal Victoria Hospital on March 8, lUaS He iiiid had fextr and joint tins 
at 9 years of age xvitliout other indications of iheumatie fever A vtcoiid similar ipixodi 
occurred at 14 years of age Polloxxing this he was asymiitomatic cxetpt for in ibilitv to 
take part m athletics In 1952, he was forced to stop work as i tiuck drixur bn lusc of 
easy fatigability and shortness of breath Fiom this tunc, excrci'^e tolerince pro^rcssixclv 
diminished and he was able to work only occasionallj 

Ill 1955, he suffered au embolus to the right popliteal arti.ij which did nut produce 
ischemic changes Later the same vear he had a ucrehnl x locular aocidciit with right himi 
paresis and aphasia Recoxerx from this compile ition was slow but coniplctL He w is 
digitalized on this admission and minitaiiud on digitalis afterw irU 

Physical findings included a blood pii sure of 130/75 mm Hg and an irregular apical 
pulse with a puKc deficit at the wrist Iherc xxas i mirltd apic il thrust visible on ‘»xstoK 
The heart w is grossly enlarged to the left There was i loud systolic murmur at tho ipcx 
with ladiatiou to the ixilla, accompanied by i thrill There was au lortic diastolic murmur 
ihere was no other positive physic il findings 

\iavs (Iig 3, J) billowed inirKcd left xtiitriculir and left luncul ir enlargement 
Bullous cysts were visible at both lung bases The clcctroc trdiogram (Fig 1) showed left 
ventricular hypertrophy with some right vcntiieulir hypertrophy lud atn il fibnllation 

He was considered to have rheumatic heart disease with predoumi lut mitral lusuf 
ficieiicy Right heart catheterization was done There was no indication iiitra 

cardiac shunt Pressure measurements of interest includtd tho following ( 



Pif?. 1.—Electrocardiogram allowing left ventricular liypertropliy with some rlglit ventricular 
hypertropliy and atrial flbrillation. There was an aortic diastolic murmur. 


BEFORE AFTER 
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and catheters were inserted into the superior and inferior venae cavae for return of blood to 
the screen oxj^geuator. Tlie right femoral artery was cannulated for tlie return of arterial 
blood from the pump-oxygenator, following tlie institution of extracorporeal circulation, 
the left atrium, which bulged well over to the right, was incised. The mitral valve was 
visualized and palpated. The outstanding finding was the great dilation of the annulus into 
which the palm of a hand could have been placed. Twelve No. 2 silk sutures were placed 
across the posteromedial aspect of the annulus in order to narrow the annulus to the point 
where the cusps of the valve could meet. The regurgitant jet, which was marked prior to 
placing these sutures, was eliminated by them. The left atrial incision was closed with silk 
sutures. 

Tlie bypass was eontinued for 45 minutes with a mean flow of 3,500 c.c. per minute. 
I.eft atrial pressures were taken before and after byimss (Fig. 2) and showed a drop to 
the normal range with systemic arterial blood pressure at comparable levels. 

Ilis postoperative course was marked by a swinging fever in the first week. This 
returned to normal thereafter without evidence of infection. Blood cultures were nega¬ 
tive; otherwise, eonvaleseeneo has been uncomplicated. There is definite reduction in the 
apical thrust and the patient himself is much less aware of the pounding of his heart. 
A systolic murmur remains audible at the apex. The electrocardiogram is unchanged. The 
x-ray shows 2.6 cm. reduction in heart size. (Pig. 3, A, B, C, D.) 

The case reported is one of mitral insuflicieney treated by open-heart surgery. Eeduc- 
tion in left atrial pressure has iieen demonstrated. The patient's course since operation has 
been gratifying. 

DE. C. WALTON LILLEHEI, Minneapolis, Minn.—The advent of cardiac bypass 
techniques has completely changed the outlook for patients with advancing disability due 
to mitral insufficiency. 

In the congenital variety of mitral insufficiency a.ssociated with the common atrio¬ 
ventricular canal, recongnition and correction arc not difficult. In that regard, I .should 
like to emphasize briefly two important points at some variance from what has been said 
today. This is based upon experiences with 41 patients operated upon by perfusion tech¬ 
niques since 1954. 

First, cardiac arrest is entirely unnecessary in the direct vision repair of these defects, 
and, in fact, is actually detrimental. 

The surgical exposure is excellent through a right atriotomy and, with the ventricles 
beating, it is far easier to locate accurately the pathology. The clefts in the mitral or tri¬ 
cuspid valves are immediately evident to the eye and their nature can be verified merelj" 
by allowing some of the coronary sinus blood to accumulate in the beating ventricles or, if 
necessary, some 5 per cent glucose can be poured into the ventricle. Other dividends of 
not arre.sting the heart are the avoidance of myocardial hypoxia or necrosis ami the ability 
to note and immediately remove stitches obviously interfering with cardiac conduction. 

Our second point relates to the method of rcjiairing the clefts in the mitral or Iri- 
ciis[)id leaflet.s. Simple interrupted stitches of fine silk are placed clo.se together between 
the adjacent halves of the abnormally separated leaflets and are not tied but tagged 
temporarily with a mosquito forceps until the entire row necessary for the repair has been 
completed. Then, before tying, a slender strip of Tvalon (2 to 3 mm. wide and 3 to 4 inches 
long) is trimmed from a block of compressed polyvinyl sponge (5 to I) and placed between 
the row of interruped stitches so that the knots can then be tied and seated firudy, but 
without tension, upon this thin strip of polyvinyl sponge. This results in a snug, blood 
tight closure upon which the left ventricular thrust is evenly distributed without tissue 
tension and, in addition, the Tvalon provides a source of reaction that ensures union between 
the approximated leaflets. 

Again, the fact that the ventricle.s have not been arrested is helpful in evaluating 
the adequacy of the repair before turning attention to correction of the ostium primuin 
septal defect. 
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Acquired mitral insuflicienc}, on the other hand, results from ^a^Jlng tombinations of 
tuo primary factors (1) an ibsolute loss of lahe substance from cicitricnl utraction 
and shrinkage of leaflet tissue and/or chordae tendmeae, and (2) dilatation of the annulus 
hlirosus 

One of the verj favorable aspects of pure mitral insuificKiit.^ ksions lias been the 
consistent flnding of relatively good leaflet tissue even in the far advanced lesions Cil 
ciuin, although it may be found often in the left afrnl wall opposite tin ngurgitaiif 
jets, 13 rarely present m the leaflets iforeovor, the latter, although somewhat thickened 
and incompetent, remains supple and fleuble These findings are in marked contrast 
to the usual pathology of the purely stenotic lesions 

It IS evident to us tliat the element of annular dilatition has been grcatlj o\i.rtni 
phasized in the etiology and pathogenesis of pure mitral regurgitation In 6o per cent 
of our operated series of patients uath pure mitral regurgitation, clinicalK iofn ce\ere 
in most cases and uith fantastically cnlirged left atria in eucral, there was no detect ibic 
enlargement of the mitral annulus Thus, m this substantial majontj of pitient**, cir 
cumferential purse string constriction earned out blindly or c\en annular shorttuing earned 
out under direct vision, for that matter, would produce stenosis and fad to correct the 
in«iufiScicncj In these induiduals with iiistiflicicnov due pnmarih to Iosjs of substinoc, 
the insertion of an artificial prosthesis or artificial leaflet has been the obvious solution 
tor obtaining a good result 

The two basic operative techniques wluth have been developed for correction of 
insufficiency, and which wc described before tins group >car, have not changul appro 
ciably except for refinements based upon greater expeneuee The mitial valve is vi«udizel 
by total cardiopulmonary bypass Tlic standard right posterolateral thoraeotoniv with 
the patient m a straight lateral position gives the best exposure to thi hft itnum n 1 
imtral valve The use of cardiac arrest is contraindicated for t)i» same reasons jUNt nm 
tioned If there is any element of annular dilatation this is corrected bv innuloj 1 i'<f v 
(■shortPMing of the annulus) as shown in this slide If instead there is found a •'ignfi ii I 
loss of valve substance (tho case in two thirds of our patients), a prosthetic leaflet of 
lilastic has been inserted bv direct suture 

As wo have seen a grcitor number of thc&c v lives at surgen, wi havi be n impress* I 
with the wide variations in the pathology For cximpk, it is lut mn-onm m to observe 
a valve that is incompetent at two or moic places but perfectly comjietunt in lutwicn As 
a result, certain rcfinenunts have come about jji tho dcsi^^ of our prostJnsi? lo sujt tliesL 
variations One innovation tint we have found of eonaukriblo v due Ins bun the uso of 
these artificial mitral leaflets 

(slide) They are formed of an inert silicoiio plastic and come out of the mold ift*r 
curing looking like this 

(slide) At the time of surgerv, with tho left atnum opened, tho leUkt n then 
trimmed and tiilorod witli tho scis^-ors to correct eoniplotely tho leakage in the partieulai 
1 > itient without interfering with those portions ol tin loaflels that are still perfeetiv 
competent By means such as this, it has become possible to obtain complete corrections 
of oven very largo regurgitant leaks We aic not satisfied with more palliation, but rather 
the goal has become the comploto restoration ot tho valvular function to normal 

Moreover, even although many of the 27 patients oiiritcd upon to date hive hil a«I 
vanced clmical disability (AHA Functional Class 111, IV), the operative risk has been low 
(15 per cent) Not only have the initial gams been sust uned but our follow uji, whah 
dates back to 1050, indicates continued improvement in some patients long after tlie oper 
itive procedure Vs an example of this, here is tho phonoc irdiograni taktn n f( w dvys 
igo of one of our early pitients opinted upon for mitral insufficiency by optii itirdiotoiiiv 
in 1950 (Case 2, J Thoracic Surg to 154 lOl, 1958) (slide) "iou ste a lomplobU norm il 
tracing without any murmurs evident now almost 2 years later Nccdhxs to elm 

eal improvements m such ludivaduils have been dramatic 
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DR. EFFLER (Closinj,^).—Altliough our enthusiasm for cardiae arrest remains high, 
we do not believe it is always necessary nor de.sirablc in surgery of the mitral valve. For 
this reason we do not use it as a routine, but only' when an incompetent aortic valve permits 
blood return of such volume that occlusion of the aorta is mandatory. 'tVe believe there is a 
distinct advantage in visualizing the valve within the beating heart in order to asse.ss the 
e.xtent and location of the regurgitation. 

There is a distinct disadvantage to the open operation for mitral insufficiency at this 
time. While the surgeon performs his valvuloplasty^, utilizing total body perfusion, he has 
no accurate method of assessing the degree of correction until the operation has been com¬ 
pleted and the patient is no longer on the pump-oxygenator run. Some valves are so badly' 
distorted that the surgeon lias no way of knowing whctlier he is actually improving the 
situation until he has closed his cardiotoiny' incision, re-established the patient’s own cardiac 
mechanism and then made direct pres.sure recordings within the left heart. This is quite 
different from tile closed operation for mitral stenosis. 

Air embolus has not been a problem with us as yet. We believe that this may be due, 
in part, to the position of the patient and to the transatrial approach. As we visualize it, 
this approach with tlie right side slightly elevated places tlie left ventricle in a dependent 
position. Of course, it is still possible to trap air within the left atrium or ventricle and 
for this reason it is our practice to continue the high flow perfusion for a period of about 
10 to 12 minutes. If air has been trapped, it should be extruded in that time and will then 
appear witliin the coronary vessels and initiate ventricular arrliythmia. Intracoronary air 
is a nuisance, but its deleterious elfects are transient and easily corrected and it docs not 
have the import of cerebral air embolus. 

The fate of the aunuloplasty is still of considerable concern to me. It is not hard 
to vi.sualize tliese sutures tearing tlirough under the unrelenting impact of the beating loft 
heart. Like Dr. Kay, wo have used aunuloplasty in those patients whose regurgitation was 
attributable to dilatation of the annulus. We used tliis typo of procedure simply because 
wo had nothing more to offer the patient and were gratified to find appreciable reduction 
in the left atrial pressures when the procedure was completed. However, it seems logical to 
hope that the ultimate operation for mitral insufficiency will be along tlie lines described by 
Dr. Liilehei, some form of valve replacement witli a practical prostlietic valve. 

1 appreciate very mucli tliis opportunity to appear before the Association. 



SATISFACTORY SURGICAL CORRECTION OF PECTUS 
EXCAVATUM DEFORMITY IN CHILDHOOD 

A Limited Opportunity 

Kenneth f Welch, /II D (by invitation), Boston, Mass 

’ll ITFRI vt, 

O l\E HUNDRED and tlmtj eight eluldien with modeiato to toveie pertus e\ 
catdtuin defoimitj have been ei.iluatod, fiom 1051 to lO'iS, uith lejr.ud to 
the desiiabiliti ot surgical collection and compiise tlio basis loi tins ii])oil 
Seventy si\ patients (53 poi cent) «eie considcitd suitable candid itis foi opt i i 
tion Theie MCI 0 Ih boss and 27 gills (Pig 1) The leniaining 02 p ili nts 
pel cent), mosth infants, did not have piogiessne defoirnitt iiid aasi ih n ml 
esidence of impioseiiient In the tuentj-fonith month 

FTIOLOOt 

The etiologv of pectus cseavatum detoimiti is not chat m main oases 
However, it is possible to analv/c a iiunibei ol tin so defoiinities 

Onl\ S patients had iiihciitcd disease Theie is little doubt ibout i ion 
genital element ill this piobhnii, in that the detoiimti is iiniloiiiil' piiseiU in 
the 32 mm embijo In addition, it is ahiais piiseiit at biith in those nidi 
iiduals who leniaiii m the piogiessiie oi iioisming gioup 

Theie is a condition hiiowii as “spiiiomtclodssplasia ' with stiuctuial 
damage to lowei doisal soiiiitts and associated defuts of the \eitcbial toluinn, 
libs, and caitilage segments These patients Iia\c the most seieic pioblems in 
that they not onh develop the usual stiuctuial ilteiations ut the tboiacic cage 
in pectus excavatum but have supciiiiiposcd scoliosis (Pig 2) 

Pectus dcfoimitv inav be .ic(|iiiied with steadv picssuic against the soft 
and uiiossificd gladiolus Tlie teim ‘ Zapateio do Toiax" is used in Cuba 
This desciibes the acquiied funnel chest that ocems m voungsteis in the shoe- 
making tiade wheie a leathei cutting iiistiuiiieiit is biaced toicibh against the 
lowei steiiiuin 

troni the Pediatric Sui»>icil Service Boston Cit> an I tl “-J.'ltpartnu n( of Siir 

geij Hirvaid Aledlcal School Bo^^ton Mass 
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DR. EFFLER (Closing).—Although our enthusiasm for carcliue arrest remains high, 
we do not believe it is always necessary nor desirable in surgery of the mitral valve. For 
this reason we do not use it as a routine, but only when an incompetent aortic valve permits 
blood return of such volume that occlusion of the aorta is mandatory. IVo believe there is a 
distinct advantage in visualizing the valve within the beating heart in order to asse.ss the 
extent and location of the regurgitation. 

There is a distinct disadvantage to the open operation for mitral insufficiency at this 
time. IVhile the surgeon performs his valvuloplasty, utilizing total body perfusion, he has 
no accurate method of assessing the degree of correction until the operation has been com¬ 
pleted and the patient is no longer on the piimp-oxygcnator run. Some valves are so badly 
distorted that the surgeon has no way of knowing whether he is actually improving the 
situation until he has closed his cardiotomy incision, re-established the patient’s own cardiac 
mechanism and then made <lirect pressure recordings within tlie left heart. This is quite 
different from the closed operation for mitral stenosis. 

Air embolus has not been a problem with us as yet. We believe that this may be due, 
in part, to the position of the patient and to tlic transatrial approach. As we visualize it, 
this approach with the right side slightly elevated places tlic left ventricle in a dependent 
position. Of course, it is still possiljle to trap air within tlie loft atrium or ventricle and 
for this reason it is our practice to continue the high flow perfusion for a period of about 
10 to 12 minutes. If air has been trapped, it should be extruded in tliat time and will then 
appear within the coronary vessels and initiate ventricular arrhythmia. Intracoronary air 
is a nuisance, but its deleterious effects are transient and easily corrected and it docs not 
have the import of cerebral air embolus. 

The fate of tlie annuloplasty is still of considerable concern to me. It is not hard 
to visualize these sutures tearing through under the umelcnting impact of the beating loft 
heart. Like Dr. Kay, we have used annuloplasty in those patients whose rcgui-gitation was 
attributable to dilatation of the annulus. IVc used this type of procedure simply because 
we had nothing more to offer the patient and were gratified to find appreciable reduction 
in the left atrial pressures when the procedure was completed. However, it seems logical to 
hope that the ultimate operation for mitral imsufficiency will bo along tlic lines described by 
Dr. Lillehei, some form of valve replacement with a practical prostlietic valve. 

1 appreciate very much this opportunity to appear before tiie Association. 
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Another groitp is explained by relative inspiralory obstruction. This is 
most striking in the first year of life and, in our experience, this is the group 
most likely to remedy itself as the individuals gain greater air inlets. This 
may be a desperate period for the family. Indeed, 2 young.sfers refpiiz’ed 
tracheostomy at the height of bacterial ijulmonary infections. 

There is no abnormalitj' at the costochondral junction. Longitudinal 
sections through this zone, after deealcifieation, show no gross or microscopic 
alterations. As one studies resected cartilaginous segments, by multiple 
coronal sections, there is often found a disordered architecture and a situation 
that implies local circulatory or nutritional damage—a chondodystrophy. Cer¬ 
tainly one often encounters very bizarre-shaped eai’tilage segments in the 
process of resection. 


NQOF PATIENTS 



Fig-. 1.—Surgrical correction of pectus excavatum defonnity—7G patients, 1951-1958. 


In the group of patients with multiple congenital anomalies, including 
mental deficiency, there has been an element of hypotonia with poor posture, 
and the disease may, at times, be the result of complex muscular imbalance. 

The concept of a restricting retro.sternal ligament, or short central tendon 
of the diaphragm, has focused attention on the maximal area of deformity and 
has contributed to the evaluation of this disease.' Most writers have accepted 
this theory and have described fibrous extensions of the linea alba that, when 
divided, result in a dramatic lift in the central area of the deformit.y. This 
has not been confirmed in this series. In the seventy-six operations performed, 
only loose areolar tissize was encountei'ed behind the xiphoid and there was no 
significant lifting of the deformity after transection of the xiphoid. It was 
not until much later in the operation, when all of the deformed cartilage seg¬ 
ments had been resected, that one could see a significant structural improvement. 
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Anothei- group is explaiued by relative inspiratory obstruction. Tliis is 
most striking in the first ^mar of life and, in our experience, this is the group 
most likely to remedy itself as the individuals gain greater air inlets. This 
may be a desperate period for the family. Indeed, 2 youngsters I'ecjuired 
tracheostomy at the height of bacterial i>ulmonary infections. 

There is no abnormality at the costochondral junction. Longitudinal 
sections through this zone, after decalcification, show no gros^ or microscopic 
alterations. As one studies resected cartilaginous segments, by multiple 
coronal sections, there is often found a disordered architecture and a situation 
that implies local circulatory or uuti'itional damage—a ehondodystrophy. Cer¬ 
tainly one often encounters very bizarre-shaped eaitilage segments in the 
process of resection. 

NQOF PATIENTS 



Fig. 1.—Surgical correction of pectins excavatuin deformity—7G patients, 1951-1958. 

In the group of patients with multiple congenital anomalies, including 
mental deficiency, there has been an element of hypotonia with poor posture, 
and the disease may, at times, be the result of complex muscular imbalance. 

The concept of a restricting retrosternal ligament, or short central tendon 
of the diaphragm, has focused attention on the maximal area of deformity and 
has contributed to the evaluation of this disease.^ Most writers have accepted 
this theory and have described fibrous extensions of the linea alba that, when 
divided, result in a dramatic lift in the central area of the deformit 3 ^ This 
has not been confirmed in this series. In the seventy-six operations performed, 
only loose areolar tissue was encountered behind the xiphoid and there was no 
significant lifting of the deformity after transection of the xiphoid. It was 
not until much later in the operation, when all of the deformed cartilage seg¬ 
ments had been resected, that one could see a significant structural improvement. 
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SYMPTOilS AND SIGNS 

Veiy few patients were syniptoiriatie at tlic time of operation; liowever, 
11 had a history of a difficnlt first year of life with recurring bronchitis, 
cioup, and more than the usual number of respiratorj’’ infections. 

Percentile growth performace was usually in the 50 to 90 per cent range, 
s plotted on the anthropometric charts of the Children’s Medical Center up 
0 the age of 2 j cars. However, after that Ave encountcx’ed 17 patients who 
cere in the twenty-fifth percentile or below hy the end of the fourth year. 
)ne Puerto Eican youngster Avas of unusual interest in that she Avas hospital- 
zed three times Avith an x-ray diagno.sis of bronchopneumonia and Avas in the 
enth percentile at age 5 years. Tavo siblings, Avithout this deformity living 
n the same household, had not had difficulty Avith re.spiratory infection and 
cere in the nintieth percentile. The doAvnward drift in over-all physical de- 
■elopment Avith scAmre funnel-chest deformity in this 2-to-5 age group has 
leeome (juite impressiA'e (Pig. 3). 

Four youngsters complained of chest pain Avith activity, and 2 had a 
•resenting complaint of intermittent SA'neope. 

Eleven patients had a short systolic murmur at the left border of the 
ternuni; 1 patient had an associated diastolic murmur. This youngster Avas 
n the multiple anomaly group and avc rejected her as an operath’e candidate. 
Ve have the strong feeling that if there is anything atypical about the 
uxrmur in its location, or if it carries a diastolic component, the risk of opera- 
ion goes xxp greatly. Such patieixts shoxxld not be operated upon Avithoxxt an 
natomie diagnosis of the cardiac lesion by cardiac catheterization. 

SELECTION FOK OPEKATION 

Our position has been arrived at by a trial and error method extending 
ver a T-year period. In the first period (1951 to 1955), age at the time of 
peration ranged from S months to 14 years. One patient Avas lost at tlie 
ge of 16 months—a youngster Avith multiple congenital anomalies. Shaken 
y this experience and by the fact that the “limited operation” AA^as unsuc- 
essful in correcting the deformity and required subsequent complete cartilage 
eseetion to the angle of LeAvis, avc have given up operations in the first 2 years 
f life. Eleven youngsters, more than 6 years of age, Avere operated upon 
nd the results in this group Avore not considered to be as satisfactory as in 
hose patients operated upon betAveen the ages of 2 and 5 years.- We had 
renter difficulty Avith the anesthetic management, Avith the operative technical 
•rocedure, and Avith the postoperative course. It appears that there is a 
united opportunity to obtain complete structural cosmetic and functional 
orreetion of this disease. 

We like to see all of these youngsters from birth. Lateral chest films should 
e obtained at each 6-month interval. Tavo important measxxrements are made 
1 these lateral films which are taken neither in deep inspiration nor in full 
xpii'ation. Tlie first measurement is an external skeletal AP diameter of the 
best at the angle of LcAvis. The second measurement is the distance betAveen 


NuX'// SUKGICAL COHEECTION OF PECTUS EXCAVATUII 7g]^ 

the anterior surface of tlie vertebral body and the gladiolar-xiphoid junction. 
The normal ratio between these two measurements is one or greater than one. 
In mild degrees of pectus e.xcavatum deformity, tliis drops to between 0.7.5 and 
0.5. In moderate deformity there is a ratio of from 0.5 to 0.3. AVith severe 



Pig 4—Anteroi)ostorior anti latcnl chest roentgcnoBjanis of an ll-jeui-ohl hoy wUJi 
severe, irreversible pectus tloforniitj. The sternum Js in .ipparcnt contict witii tlic vertebril 
column 

deformity tlic ratio is O.Ii or below. In several tMses, tlie stoimim was in ap- 
parent contact with tJie anterior surface of the lerieijral body and a ratio of 
0.1 is not unusual (Pig. 1). The significanee of tins ratio lias to be corrected 
for progres.sive loss of AP diameter. This oceuis iu children ill the 2- to a-year 
age group who, in a matter of months, acqniie the typical pectus e.xeavatiim 
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habitiLS. Tliere is a dorsal kyp})os and they slump over the defect. If the 
younoster’s AP cpimeter is decreasing, and his ratio is constant, we would con¬ 
sider him a candidate for operation Avith lesser degrees of deformity. In .short, 



in a youngster Avith a normal AP diameter, avc A\muld like to sec evidence of an 
unimproving ratio of 0.5 or less at the end of the second year before recom¬ 
mending him for operation (Pig. 5). It has not been difficult, on this basis, to 
sort out the 62 individuals that have not rcciuired operative interference. Our 
estimate of improviiig eases has been accurate and Ave have obtained several 
6-year folloAv-ups in this group and found normal chest contours. 


PKEOPKU.VTIVE STUDII'IS 

l\Iost of the early reports about this disease dealt Avith the technical aspects 
of sti’uctural correction. In the reports of Ravitch,-' Dorner* Hanson’ and 
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othois, not all of these mdividnals Aveut on to enjoy a normal, nnliandicappecl 
life inth a simple cosmetic deforiiiitj The following loiitine and special studies 
neie done nitli the piiipose of adding inoie ohjectu'c iiifoimatioii in tins 
limited age gioiip 

In addition to the height Aveiglit peicentile iccoidiiig and the soiial aiiteio 
posteiioi and lateial films of the chest mentioned aboic, the lolloniiig addi 
tioiial studies aie done befoie opeiatnc inteiAention is iiiidertalven 

An electiocaidiogiam is obtained Avith multiple leads foi its diagnostic 
lalne and as a base line stiuh’ foi the aeais ahead Si\tA time pitieiits had 
tlectrocardiogiaiiis that ucie inteipieted as noimal and 13 had iliaiigcs asso 
ciated with displaceimiit oi the heait leiioitcd as light a\is deviation, iiivusion 
of T naves, iiid peaking of P waves Two pitients had bundle biancli bloiU 

In the ehildien old enough to eoopeiate in a Mastci s tv pi tveicisi toleiaiue 
test, we have eiiteicd this into the ucoid, and have lepeited this in tin post 
opeiative period 

Venous pussnie and ciicnlation time was detciimntd in 10 individuals and 
they vvoie all vvitliiii the noimal laiige 

Vit.il capacitj and timed vital eapaeity has been obtaiiud in all vonngsti is 
ovei 2 yeais ot age Although these aie not higlih aceniatc tliev give ns soiin 
1 eassmaiieo about iioinialoj’’ in the jonngei gionp This is done vv ith sn 1 im ison 
tvpe spuomctei and the fignies are, with few exceptions, noinid foi thin ili 
and height in eonipaiisoii with the standaids established at the Dan ml Sihool 
of Public Health The} eoopeiate effectivelv in this simple stndv but i iiniot 
eoopeiate adcipiately foi moie detailed pulmoiiaij fnnetn n i v.ilu ition tsu Spi 
eial Studies) 

AVe insist that these vonimsleis not be opi laled ni>on it tluu is iiiv ovidtnei 
ot active iippei icspiiatoij tiact infection oi an abiioimal coagulitioii meih 
anisiii 

A left aiitiiioi oblninc pliotogiaph m vlcvp insiniatioii and ixpiiatioii is 
obtained pie and postopeiativelj 

SPI'cun STUDns 

A Cat dull, Catheteiization —We feel that eliildien with a di istolic miiimni 
should be catlieteiized hetoie opeiative intcrvciition The onlv jiitieiit with a 
diastolic iiiniimii in tins gioiip had multiple congenital ,iiionialies and was ii 
jeeted as a candidate loi opeiatioii Five ehildicii, aged 2 4, b 8, and 10, vveie 
eatbeteiized pieopeiativelv to deteimiiic if (1) tlieie was anv demoiistiable 
caidiao handicap in tins age gioup, (3) it such a handicap was diselosid, how 
It lelatod to the age of the patient and the seventy ot his defoiiiiity and (!) 
would It be possible to impiove abnoimil puopeiative eaidiac eatbitii lignies 
bv opeiation 

Fabiitins, Davidstii, and llaiiscn have lepoited on ' in ^ in 
iniiiiel ebest deloimitj in 26 patients as dctcimnied b) ( 

Five of these patients wcic 14 jeais of ago oi nndei an ' s 
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cormspoiuliiio' to pationl.s within tln> a}>(‘ limits of our study, C!oiul)iuiu»' those 
studies; !) of the ohildrcu luid iiormul pulmouiiry oaiiillary, pulmonary artery, 
riyht venlricde and riHhl atrial ])i’essiir(',s witli a normal eardiae output. Oim |)a- 
lient, a l-1-yeai’-old boy with oidy I cm. between the vertebral bodies and the 
I)oslerior bordei’ oT the sternum, had a sli<;htly elevated rijj;hl atrial i)re.ssure and 
u veiitideular pre.ssui'e curve similar to tliat seen in eonsli'ielivc |ioi-icarditis (a 
diastolic })laleau and dip). It i.s interestiiif*' that the pulmonary artery pre.ssure 
was not elevated in any of the 10 children studied. It would .seem that the 
mmroeirenlatory difficulties these youngsters have mi;;ht be related to interfer- 
('iiee with cardiac linin'*. An impedance in the rii^ht outflow tract or an elevated 
pulmonary arterial pre.ssure has not been demonstrated in this a^e }>roup. Tt 
i.s (piite |)o.ssible that abnormal fi<AUi'c.s mi^dit be recorded in the spinomyelody.s- 
plasia { 4 :roup where funiu'l-clu'st deformity ami structural scoliosis coexist. All 
l)atients showed a normal A-V difference, none weiv de.saturated, and none 
showed evidence of auricular fibrillation in the monitorin}j,' electrocardiojfram.. 
It can be .said, in summary, then, that the occasional patient with abnormal 
cardiac cathett'r findiims will be encountered at a much later date and pi'obably 
in the third d('cad(' of life. 

B. PuhnoHai'n FtincliDH Sludivti .—Vital capacity and timed vital capacities 
can be del('rmined in any yotumster 2 years of or over. Definitive pulmonary 
function studic's rcfiuire a pood deal of cooperation and, up to the pre.senl time 
have not been made available in a well-standardixed way for patients under the 
ape of f). Nine chihlren have had detailed pulmonary funetion studies. Seven 
of the.se wt>re completely normal or, if they had a measurable deticit, it was of 
minor depis'c in the ranpo of 2r) to 20 per cent below normal, (piile obviously 
within the limit of (‘rror of a test that de|)end.s, t(» a larpe (‘.\l<'nt, on the motiva¬ 
tion of the child. 

d'wo patients with sipnifUsmtIy abnormal tipures were older and one could 
pretliet, fi'om their peiieral appearance and from their .x-ray studies, that they 
had a i-edueed thoracic volume and that their lipures would be well below the 
noi'inal I'anpe on a heipht-weipht basis. The di'lieits in tlu'se 2 individuals 
were preat enoupli to mak(> them luiabh' to participate in viporous activities, 
but they W('re completely comfortable at rest and with ordinary daily events 
(Table 1). 

The diseourapinp lindiup was that 1 patient had preoperative studies 
at the ape of 8, was fouml to be oti per cent of normal, and 2 years after opera¬ 
tion was (5-1 i)er c<‘n( of normal. The second patient, .studied preoperatively nl 
ape 11, was 05 pi'r e(mt of noi-mal, and at ape 14, 2 years after oi)erallon, was 
52 (*enl of normal. 'I'liere was no <le.saluration and there was normal gas 
transfer. The deficit a!)|)eared as one might e.xpect in vital capacity, total lung 
capacity, and maximum breathing'capacity, d'able 11 summarizes the abnormal 
findings in these 2 patit'uts comj)arc(l with 2 younptu’ patients in M'hom it was 
po.ssible to carry out a .satisfactoj’y coi'n'ction of the dcdormit.v. A report Iroiu 
the Oresundho.spital, (lopenhagen, by Ifansen and Jacoby,'' indicates that with 
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T\BI,n I PRbOPEIUTI\E StUD\ OF PbEMON \R\ Pu\CT10X IN SMLFt PUNNEE ClIESE DEJorsrllN 
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1 %OPNOR\nL 

MiMniuni breathing capat itj (L/nnn) 

07 

7S 

Vital capicit} (Co ; 

Timed vital capacity 

1,720 

04 

1 Sue % total 

70 


1 sue % tot ll 

94 


3 sec % total 

99 


Walking Tontilation (L/M 2 /BSA) 

15 S 


Total lung volume (ec) 

2,300 

05 

Residual volume (c c ) 

040 


Residual volumu/total capacity (%) 

2S 


Besting minute >entilation (cc) 

9 95o 


Resting minute 0 uptake (cc) 

231 


Ventilation equivalent 

3 9 


Pulmonary mmng ind(\ (% Nj) 

] OJj 


Breathing rcburve 

90 6 



S( vei e cleioimitj and a sevei c pulmonarj function handicap, tlieic may be sigiuh 
cant iniprovemeiit following opeiation The\ icpoit 4 patients in whom diftcicii 
tidl bionchospiiometiy was eatiicd out in the age laiige ot 18 to 27 itais Ihi 
function Ill the two lungs was identical This is suipiising m \iew of the tait 
that the heait is giosslv displaced into the lett heniitlioia\ Coiiibiniiig the pci 
foiinaiiee ot the two lungs m oidei to coiupiic tlieiii with the figiiics upoitid 
licie, again theie was no difficulty in the mechanics ot iispiiation oi in dillnsion 
The deficit pioied to be in \ital capaeiti, total lung capaeiti and in ma\inunii 
bieatbiiig capacity One of the patients is icpoited in detail Ills pieopeia 
tive Mtal capaeitj both lungs eombmed, was onh 430 ei , tin total hmg ca 
paeity was 850 e c , and the iiiaNimum hie itliuig capaeiti 12 L Postopeiatneh 
this ineieased to i,400 e e toi tital capaeiti 1,000 ec toial hing capaiiti and 
22 4 L iiiaMinum btoathing capacitj Pluotoseopicalh tin change appuned 
to be piincipallv in the elinunatioii ot paiados Heie thin wc hue an induid 
tial who, postopeiatneh, has only 25 pci cent of noinial lung fiinetion \et 1j\ 
comparison with the pieopeiatne status, was vasth inipiocid 
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•Slcnlflcantll low pulmon iry funclion flcuica (Mill cipjcftj U Ctl lunc npicltj ml 
nicNimum breathing capacity) an. not rctutni 1 to ijonm] b> operation In tla. olkr chill 
with IlrLversible aeforiliitj 


In summaiy, then, iii 7 of the patients studied, theie was no cMihiite of 
piilmoiian instiffieieiici In 2, the figmes aie sttggestni ot impending ]ml. 
monaiy instiffieienej Complete and pciiiiaiienl stinetinal conectiim of tin 
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individual over 8 years of age with severe funnel-chest deformity is only rarelj^ 
accomplished. The center of the chest is raised but the declination of posterior 
rib segments remains and thoracic voUnne is not increased. If there is a pnl- 
monaiy function deficit demonstrated preoperatively, there is little or no im¬ 
provement in these figures postoperativcly. 

Looking ahead, one cannot predict with certainty the clinical cour.se of any 
child with marked pectus excavatum deformity that remains uncorrected. Some, 
to be sure, will devedop paroxysmal filjrillation, precordial or radiating pain, 
syncope, low blood pre.ssurc, dy.spnoa at rest or on exertion, cardiac failure 
and/or pulmonary suppuration. 

MULTIPLE COXGEXITAL ANOM.VLTES 

Six patients had multiple congenital anomalies. Having had the bitter 
experience of losing one of these patients and finding reports of others,’’ multi¬ 
ple anomalies might be suggested as a categorical contraindication to operative 
correction of pectus excavatum deformity. In 1 ease there was coexisting j\[ar- 
fan’s syndrome with a dissecting aneurysm of the thoracic aorta. This burst 
in the immediate postoperative period. In our patient, a 16-month-old child, 
there was an associated cleft palate deformity which had been succc.ssfully cor¬ 
rected, scoliosis, pectus excavatum deformity (severe), and poor central nervous 
system development. Another patient, 2 years of age, with ]\rarfan’s disease and 
congenital absence of the pectoral muscles on the right, was rejected for opera¬ 
tion. The third patient was a 2-ycar-old with Klippel-Feil .syndrome, ovarian 
agenesis, severe pectus excavatum deformity, and an element of mental retarda¬ 
tion. The fourth had multiple hemivertebrae, absence of costal cartilages, Da' 
to Ds, a deficiency of intercostal muscles, a diastolic and systolic murmur, and 
severe pectus excavatum deformity. She was rejected for operation because of 
the complex murmur and the multiple associated anomalies. The fifth, 7 years of 
age, had bilateral microtia, mental deficiency, and a roaring Roger-type murmur. 
The sixth and oldest patient, 10 years of age, had scoliosis, deficiency of ab¬ 
dominal muscles, bronchiectasis, and pectus excavatum deformity. This prob¬ 
ably again represents spinomyelodysplasia. His bronchiectasis is arrested and 
he has been free of pulmonarj’’ infection for some time. 

Continuing to operate upon this group will result in excessive postoperative 
morbidity and/or mortality. It will add unnecessary deaths in connection with 
the surgical management of pectus excavatum deformity and will discredit the 
procedure. 

OPEK.VTIVE AIANAGEMENT 

It is seen in Table III that the first thirty-four operations were performed 
after the method of Sweet.® Parallel chondrotomies are carried out in two rows 
with anterior cortex sternotomy, elevation of the sternum, and reconstruction 
of the chest wall, using the elevated sternum as the keystone of an arch. The cut 
cfiTtilno-p ortflc! avp sipom’atelv I’psutiired. This scemcd appealing because, upon 



Volume 36 
\iimbcr 5 


STJKGICAL CORRECTION OF l^ECTUS EXGAVATUJt 


70T 


completing reconstruetiou of the clicst wall, there was a stable situation These 
patients seemed to liave little flail motion when they were allowed to resume 
their own breathing cycle. In 4 patients we e.\tendecl this operation to include 
the costal eomplc.': and there was less effective breathing postoporativel.v. The 
costal arch plays a very important role in diaphragmatic excursion. 

Table III. Type op OpEit.vTion Peuformeb 

1. Multiple; chondrotomies uith suture fixation (Sueet) 31 

2 Subpericlionilnal resection iiith transverse sternotomy (Gamier, Lester, Kaiitcli) 39 
3. Xiplioiilectomy and retiosteriiat freeing (Brown, Lester) 2 

a. Cartilage resection ivitii iib strut (Dailey) 1 

Tirtid 76 


There was a great deal of blood lo.ss with this proceduie We were not 
able to sta.v out of both pleural cavities in aii.y case so that we had, by de/inifion, 
the postoperative problems of bilateral thoracotomy. These yoiingsteis had oc- 
easioual atelectasis, they had to be carefully ehceltcd lor tension difficulties, and 
many developed pleural cavity collections of blood and/or serum that reriuircd 
tapping. We were fortunate not to have mediastinal or pleural cai ity inleetion 
in this group. As we gradually arrived at the time of election for ojieration 
we found that a bettor immediate and permanent correction and a less ha/aidous 
one could be obtauied using elements of the operations described b.i (larnii i ’ 
Lester,and Uaviteh.’^ 



PiB. S.—Dental instruments are Ideally suited for perfomilne costal cartllaKO iistetions in 
the younger age group 

Our opeiativG procedure can be described briefly. We use a sliort, trans¬ 
verse skill incision over the maximal point of the deformity. It is not necessary 
to carry this beyond the nipple line. Suhcutaiieons tissue dissection is avoided. 
The pectoral muscles are swept off the chest tvall and the bon.v thorax is exiioscd 
from the angle of Lewis to the costochondral junction on each .side from the 
third to the eighth ribs. The xiphoid is grasijcd with an Allis clamp and is 
carefully cut through at the gladiolar junction. A technic.il innovation that we 
have arrived at is to make T-.sliaped incisions svitli the short of It- 
at tlie sternal border of the costal cartilage, e.\teiidiiig the e ■ 

costocliondral junction. The cartilage envelope is opened 
instruments (Pig. 6). Wo iiave found tliat the usual i-t’ 
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arc inadequate for this maneuver, and the younger the patient, the more this is 
true, it IS possible, and has been possible in the last 24 patients, to carry out 
symmetrical cartilage resections on each side without entering either pleural 
cavity and without injuring the internal mammary ve.ssels. It is possible to 
cleai the cartilage medially for aliout three quarters of its circumference, per¬ 
mitting it to be grasped with an Allis clamp. Then, as upw'ard pressure is 
exerted, using a fine blade, tlie cartilage is divided at its sternal insertion. The 
cartilage end lifts up. It is then po.s.sible to encircle the costal cartilage 



Fig-, 7.—Resected costal cartilage segments, xiphoid, and a wedge of gladiolar cortex. 


and gain access to a dry, blue-gray periosteal envelope and to quickly 
shell out these cartilages, breaking them off at the costochondral junction (Fig. 
7), We have gone beyond the costochondral junction in a few cases where it 
did not seem to include the lateral extent of the deformity. The recti are not 
sw'ept off the costal arch. The intercostal bundles are not divided. An an¬ 
terior cortex sternotomy is performed, creating a broad V-shaped trough. The 
stermun can then be drawm forwuird, fracturing the posterior cortex. It is held 
in this new position using 1-0 silk, and the periosteum is reinforced with 4-0 
silk. The muscles are reapplied to the chest wall with 3-0 silk. We are careful 
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to obliterate dead space bj sntuiiiig the pectoials to the inteicostal iiiusclo gioups 
and to the periosteum of the sternum One othci technical point is that no then 
mil off the inveited \ shaped silk closuie of the pictoials and the leetiis niuscle 
witli 3 0 chiomic catgut making this a natei light situation and sepaiatmg it 
fioni the supeificial lains ot the iionnd Theie follons a subcutieiilai buildup 
using fine catgut tilth iiiteiiuptcd 5 0 silk to the skin 

We do not cam out an estensne mediastinal dissection nitli the fingci 
We hate passed a fiiigei behind the steuiiim, in tlie midliiie iii each ease, to 
lie sure that tlieic aie no reniaining icstiicting elements Ilottetci m none 
of these patients hate tie encoiintciod 3113 thing hut loose aicoiai tissue 

All elastoplast dtessiiig is applied tuth no piotectuo suppoit and no ttpe 
of external tiaction is used 

Giatimetiie estimates of blood loss has been .as low as 155 c e and atciages 
about 350 cc in this 2 to 030,11 .age gioiip Opciatne tune has been m the 
lange of V/2 to 2 houis This seems impouant because of the gicat iisponsi 
bility that the anesthetist has in tins opeiatioii and tatigue is ,i tiiiiction of time 
in momtoimg this complex respiiatoit situation It also decicases tin .amount 
ot whole blood leplacomoiit nceessait .ind adds subst.mtialh to the smoothiits.s 
of the postopeiatiie couisc 

ANESTHETIC 31 tX IQEMENT 

Anesthetic management is 1)3 iai the most difficult and most icspoiisilil 
aspect of the opeiatioii in tins age gioup It is, at best a tiiel^ ancsthisi i ami 
at Its itoist, a donnught d.nigeious one The two diaths that itt lepoit ha\i 
both been in connection with .niestlietic inaii.igemciit In uiio the pioblem was 
a complex one because ot multiple eongenit.al .niomahcs In the othei, a 1 icai 
old boy, theie was a clcai eut caidiae aiiest on the basis ot niw is .moxia th it 
occeuied as the skin sutuies weie being pl.ieexl .iftii a U/j lioui (xtiapliuial 
proceduie with innninal blood loss 

One pioblem in this closed, Uiiipoiauli flail elnst is in kiipnig tin medini 
piessme in the anesthetic si stem in an atmospheiic lange It does not seem 
possible to accomplish this .aceiuatel 3 with the .iiitom.atic bicatlinig devices tli.it 
have leeently eomc on the niaiket It this can hi kept a shoit jnoeediiio .nid 
if fatigue IS not to eiitei in, it would still seem best to manage tlusc patients 
with contiolled lespiration and iiianual coiitiol ot the b.ng It ma 3 he neetss.nv, 
in oidei to keep the liuigs infl.’ited, to have oecision.il piossiiKS as high as 100 
cm of w,itei If continued, this ma 3 so intciteic with eiidiao hlhiig that xoii 
piecipitate a cycle of difficulties in tins lespcet We have .isked tlie anestlietest 
to place a stethoscope at each base and to watch vital signs .uid blood leplace- 
ment with extieiiie caie It is l.iigol 3 a mattei ot expeiunce with tin manual 
contiol of bieathing and a sense ot adeipiate ventilation at the .ilviolai hvel 
One of the ptoblems heie is tliat the aiicstlietist eaniiot see the lung—tli.it lie 
has a closed and not an open eliest On the one hand, theie is l.iiluie to ai 
complish adeiliiate ventilation .it the alveolai level and, on tin otiioi, the '’'■ogn 
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of interfering with eardiae filling by overdistention of the lungs. The post¬ 
operative sequelae of vigorous overdistention of the lungs for any period is well 
kno^yn and has been encountered twice. This sets the stage for ineffective ven¬ 
tilation, atelectasis, and cardiac failure. 

Some of these youngsters have developed twitching, some have had unex¬ 
plained periods of desaturatiou, others have had hyperthermia during the course 
of anesthesia. 

It must bo stressed that anesthetic management is tlie most dangerous aspect 
of the surgical correction of this disease and that one must be very detailed in 
the preoperative evaluation of these patients. 


co:mplications 

The most frequent postoperative complication (Table IV) was recurrence 
of the deformity. This occurred in 7 patients, if one considers the continued 
progression of the deformitj* after xiphoidectomy atone carried out in 2 patients 
in the first year of life. The five true postoperative recurrences occurred in the 
first part of the series using the Sweet technifiue. Four of them occurred in 
youngsters over 6 years of age. Two of these were severe enough to justify cor¬ 
rection. One was done by siibperichondrial resection with external traction for 
a period of 2 weeks. The other has not been operated upon. 


TiUBLE IV. POSTOrEKATlVE COMPLICATIONS 


Eeeurrenee of cloformity 

Keloid formation 

Marginal necrosis of skin flap 

Superficial ivouiid infection 

Cliondritis 

Cardiac arrest 

Cardiac failure 



The thing that has confused us about recurrence of the deformity is that 
it does not develop early and does not relate to whether one does or does not 
use extei-nal skeletal traction. None of tlic reported internal fixation or external 
traction methods are continued for more than a month, and most of them are 
discontinued at the end of the period of hospitalization—roughly 10 days to 2 
weeks. The patients with recurrence all look satisfactory at the end of the first 
month and then, much to one’s surprise, after 6 months or a year or 2 years, 
these youngsters come back with a reacquired funnel. In spite of this, their 
over-all improvement is satisfactory, they have lost their paradox, and they go on 
to acquire adequate AP diameter unless they had a markedly decreased AP 
diameter at the time of operation. The rib strut operation suggested by Dailey,‘" 
has been tried in only 1 patient. This would seem to be a worth-while maneuver 
in the older child with recurrence. We have had no experience with the 
Kirsehner wire support of these deformities.^* 

Keloid formation related directly to tlie use of the vertical incision; this was 
used eighteen times. Marginal necrosis of the skin flap occurred either with 
the long vertical incision or in the few patients that we attempted an inveited 
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“U” incision. The ape.'c of tliese llaiis sloiighcil witliont e.xeeption. We then 
shifted to a transverse incision with a slight eonve.xity upward, e.xtending out 
to the nipple line.s and encountered no more keloids or marginal sloughs. Super¬ 
ficial wound infection occuned in 3. Chondritis occurred in 2—1 of these had 
to bo reoperated upon for removal of multiple parasternal silk sutures. The two 
deaths in this series, listed here as cardiac failure and cardiac arrest, are reported 
above. 

The great majority of patients operated upon at tlie ideal age, tising an 
e.xtrapleural procedure, have a completely uneventful postoiierative course, are 
allowed to be up and around after the first day, and are discharged home witli- 
out a dressing on the .seventh da.v (Pig. 8). 



Fiff. 8.—A JS-nionth-oIil boy on his first postoperative day CaMluc ami pul- 

inonarj' function flijures were noinial 


FOLLOW-UP 

Tlio follow-iip period extends over* a 7-year i)(*riod fioni IDol to 1958. 
In 1954 and 1955, we were operating upon nearly every youngster that pre¬ 
sented a moderate to sevei*e deformity. With disai)pointnients in tiie older 
group, with recognition of the risk in the multiple congenital anomaly patient, 
with a better understanding of operative and anesthetic management, and with 
better experience in predicting spontaneous improvement, we have arrived at 
the policy of management described above. Wo do Jiot now opet^d^ upon any 
youngster under 2 years of ago. If one accepts tId 'nn _ ore than 

half of the patients will drift through to normalcy -< ent*' 
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Eight patients have been followed less than 1 year; 10 patients, 1 year; 
17, 2 years; 10, 3 years; 15, 4 years; 9, 5 years; and 7 patients have been fol¬ 
lowed 6 years or more. 


Three of seven recurrences have been corrected surgically. Tliree are of a 
minor degree and one is a complete failure but secondai-y operation lias been 
refused. 


The results in 67 patients are considered to be excellent. 


.SU.MM-VRY 

1. We are satisfied with the long-term cosmetic and functional re.sult fol¬ 
lowing an extrapleural, subperichondrial resection operation, without external 
support, performed on selected individuals in the 2- to 5-year ago group with 
pectus exeavatum deformity. 

2. Two of 76 patients died in an attempt to correct this deformity. Seven 
patients developed some degree of recurrence and therefore were considered to 
bo unsatisfactory even though sul)seciuently corrected by a second operation. An 
excellent rosidt was achieved in 67 patients. 

3. Studies of cardiopulmonary function are reported. These indicate that 
within the ideal elective period for operation, 2 to 5 years, there is no objective 
evidence of abnormal function. There is no evidence of pulmonary insufficieucy 
until the volume of the thorax is grossly reduced below normal in the first decade 
of life. Two individuals had reduction in pulmonary function to the 50 per 
cent level. They were not returned to normal levels by elevation of the sternum. 
Surgical correction at a later age, although cosmetically partially effective, does 
not convert the habitus of those individuals to normal. When there is objective 
evidence of a cardiopulmonary handicap, they may be improved from severe 
to better but are not returned to a normal range. 

4. Because of the inability to predict the future course of children with 
marked, progressive pectus exeavatum deformity, they should be recommended 
for operation by the third year of life if they are to be restored to normalcy 
in all cases. 

The pulmonary function and cardiac catheterization studies were performed by the 
Cardiopulmonary Laboratories of tiie Harvard School of Public Healtli, tlie Cliildren’s 
Medical Center (Sharon Cardiovascular Unit), the Boston Floating Hospital, and the Boston 
City Hospital. 

A number of these patients were operated upon at the United States Haval Hospital, 
Chelsea, Mass., under the direction of Captain Louis Haynes. I am indebted to him for 
the able assistance and encouragement given during the earl}’ part of this study. 
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PECTUS EXCAVATUM: AN APPRAISAL OF SURGICAL 
TREATMENT 


Paul C. Adkinsf M.D. (by invitation), and Owen Gwathmey, ALD., 

IF ashington, D. C. 

I T IS xow -well established that suvgieal correction of a fnnnel chest deformity is 
feasible and relatively safe. There is, however, little agreement in the litera¬ 
ture concerning age limitation.s, if any, for surgical correction, and even less 
unanimity of opinion about the actual surgical teehniiiue to be used. The pur¬ 
pose of this presentation is to review our experiences in the correction of pectus 
excavatum deformities o ver the past 5 y ears. Our present approach to this 
problem is one which has been achieved by a process of trial and error. The 
one ration is best ncrforined during childhood and correction of these deform ities 
is us ually Ic.ss formidable at this time than In later ye ars. Howe-voiv-ouri-cx- 
pefiences have led us to believe that with our presentteehniciues, correction of 
a pectus excavatum may be carried out on tomovgevs; and young adults w ith 
equally good results. 

""AVe have little to add in the realm of speculation concerning etiology of this 
deformity. Claim has been made that a h ypertrophied or contracted subster nal 
ligament mav be the etiological a gent.^’ Although some attachment of the 

un dersurface of tim sternum to the dianhragm may b e readily nUT m'ent wh Cn 
this dcf ormit 3 ’’ is seen in infa ncy.*-’ ** we are not sure that we have ever en- 
countered a ItypertroiDhied substernal ligament in our sui’gical experience. Once 
past infancy, however, there appears to be considerable variation in the amount 
of progression of this deformity. Following children over periods of several 
years we' have found some sternal denressions to become more nronou need. 
others remain static, while others miiy bpcnma-cvaii-Less. npparent Thus far we 
have becVcoin^etely inca pable of nredicting the natural progression of any of 
these deformities. 

IXmC.^TIONS FOB OPEKATIOX 

The prevention or correction ^oL-ca^'dtcn'csiiira'tory-ouiba4y4assment is con¬ 
sidered a prime indication for operative correction of a pectus excavatum. 
There can be little question that reduction in the anterior-posterior diameter of 
the mediastinum, resulting from sternal depression, can cause di s tor tion —or 
rotation ot- th o heart amL great ves sels.--The covi^].jn cchanism is ^ ten 

Prom the Department of Surgery, The George Wasliington University. Washington, D.C. 
Read at the Thirty-eiglith Annual Meeting of The American Association for Thoracic 
Surgery at Boston, Jlass., May lC-18, 1958. 
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ii npaiied as a iesult_af this dofoi mitv^ Altlioiigli, caidiorcspiiatoij piobloins 
aie lelatively unusual during childhood,’ piogiession of the deloiniih iiiai 
result in later difficulty'” Tho othei and cquallj valid indication foi suigit.il 
correction is foi cosmetic and psychologic leasoiis A deuiessinn or dc foimih 
of the chest u all niay lie a sou ^ ■ dm 

ing adolescence and young a< ■ ■ ., , ^ 7ii of 

such a deforimt} is uell justified e\cu in the absence of symptoiiis 

S\ MPIOMS 

It IS 0111 iinpiession that the siiiiptoiiis associated iiitli a pectus escaiatnni 
aie piobably more fiequent than is generally appieciatcd Although patients 
01 the paients of the patients with a pectus escasatiiiii ficqueiitlj disclaim am 
limitation of acti\itj% closei questioning often leveals that such patunts h.ne 
been slightly below normal in then activities wlieii coinpaied with tin 11 eon 
teinporaiies Many such patients liaie had latliei liequeiit and piolongcd ic 
spiiatoiv infections Si\ of the cliildien whom we hase seen ha\e hem tu.itul 
bj then pediatiician for vaijing peiiods of time foi so called “allcigie bion 
chitis ” Tho five adults in this senes have all had some degieo of disahiliti as 
sociated with thou defoimity In each instance the disabihts consislul ot 
moderate to seveie escitioiial dvspnea and fatigabilitj 

CLiMCM. 11 tlEnilL, 

Thirty nine patients with a pectus cscaiatuiii lino In 111 seen ,it Tin in 01 g( 
Washington Uimeisity Hospital 111 the 5yeai pciiod en ling in Oetohei I'I >7 
Five patients weto consideied to ha\e a innniiial deioiimti with no assoiiilid 
symptoms and no opeiation was advised Si\ small cliildim wen Inlnsid tn 
he candidates lot opeiation, hut siiigical iiiteivention Ins bnn ditiiiid unlil 
the}' aie oldei One adult patient with a lather marked dofoiiiiilv and assod 
ated symptoms refused opeiation The leiiiainiiig 27 patients Inive been sub 
jeoted to a total ot twent} nine opiiations foi the eoiiLction ot i peitus (\ta\a 
turn defoimity Tlieie weic, in the entire gioiip of patients seen, 24 mahs and 
15 females In the patients who uiidcnvent opeiation the age lange w.is fioiii 
3 months to 34 yeais (Table I) Four of these patients weie adults Two ol 
the adults showed associated manifestations of 3Iaifan’s ssndi 01110 


Tabu. I Pectus Encvwtuu 

4.GE DlSTBIBUTION AT TiMF 0^ Ojl-R\TI0\ 


AGF 

1 NO ot i ■vrii.Ms 

3 mo IS mo 

j 

IS nio 3 yr 

4 

3 yi 6 jr 

0 

G yr 16 jr 


Over 10 jr 


Total 

27 


SFII CTIOM OF OPEK'MION 

Theie is httJe doubt tiMt the simple opeiation dcscribul by Biouu^ * 
(cNtibion of the Mphoid and dmsioii of the suhstenial ligament) 
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out with a high degree of success if performed prior to the age of 1 year (Fig. 1). 
Tlie operation is brief, relatively atraumatic, ajid a .satisfactory cosmetic result 
may be anticipated, particularly if there is some degree of paradoxical motion 
of the depressed portion of the sternum. In our hands in 5 cases, the operation 
has yielded a good to excellent cosmetic result in four instances (see Table III). 
In the fifth case, an 18-month-old female, the initial operation produced virtually 
no cosmetic impiovement, consec|uently, a subse([uent, more radical operation 
with resection of the costal cartilages was performed at the age of 314 years. 
Thus, even though the maximum eo.s'metic result may not be achieved from this 
simple operation of Brown, it may make a second operation at a later date less 
formidable. 



Fig- 1.—Photograph of a 2-year-oia chihl, IS months after simple dhision of substeinal 

ligament JSo residual steinal depression 

It is presently our policy to defer operation, if at all possible, on patients 
between the ages of 1 and 3 years. Durmg this age, the expected response to 
the simple operation of Brown is not satisfactoiy.® At the same time, these 
children are not considered ideal candidates for the more radical operation of 
chest wall reconstruction. Although they can tolerate the surgical procedure 
itself fairly well, they are unable to cooperate in the immediate'postoperative 
period. They do not cough, and a tracheostomy may be necessary. The one 
death in this series Avas in a child of 2i/4 years of age avIio developed an acute 
bilateral pneumonia 24: hours after operation. She had a history of frequent 
severe respiratory infections and allergic bronchitis. She Avas considerably un¬ 
developed for her age. The child Avas operated on at this age, Avith some mis¬ 
givings, in the hope that the correction of a severe pectus excavatum deformity 
might alleviate some of her respiratory problems and iircrease her groAvth. 
Although the operation Avas uneventful, this child developed respiratory diffi¬ 
culty approximately 12 hours postoperatively and pursued a rapid doAvnhill 
course. The 3 other children operated on in this age group have also been more 
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difficult to manage postoperatively than the older cliildren. AVe now prefer to 
wait until these children liave reached a minimum age of 3 years, botli meutally 
and physically. 


. 1 . 



B. 

Fiff. 2_ X, Preoperativc photograph of a 29-year-oJd A\orncn with inarkcl pectus ex- 

cavatum. This patient had moderate exertionaJ ilyspnea. 

B, Postoperative pholograpli demonstiating subniaiinnary scar AvitJi downAvanl extension. 

In patients over the age of 3 yeai-s, some form of plastic recoustruction of 
the antei’ior chc.st wall has been cDipluyed. The principles of such an operation 
are; 

1. Adequate e-xposure of the depres.scd portion of the sternum and adjacent 
deformed costal cartilages. 

2. Freeing of the undersurface of the sternum from its ligamentou.s and 
fascial attachments to the media.stinum and diaphragm. 
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3. licsoetion of tlic involved - costal cartilages, including division of the 
attachments of the rectus muscles to the costal margins when deemed advisable. 

4. Osteotomy of the sternum. This may be either a transverse osteotomy 
or ‘‘T” fracture depending upon the severity of the deformity and the ease of 
adequate mobilization of the sternum (Fig. 3). 

All operations have been performed under general endotracheal ancstlicsia. 
We currently favor the bilateral submammary incision for several reasons. It 
yields a far better cosmetic result, especially in females, while affording c.\eellent 
e.xposure of the lower sternum and adjacent costal cartilages. In addition, it 
gives easy access to the costal margins, which often flare and need tailoring. 
This type of transverse incision does not overlie the osteotomy of the sternum, 
lienee a direct bone marrow to skin communication is avoided. 



Fig. 3 .—Diagram showing homologous rib graft anchored in place and one type of osteotomy 
of the sternum. The rib strut is aiso anchored to the pectoral muscles (not shown). 

We do not reflect the pectoralis muscles oft’ the rib cage. These muscles can 
be split in the direction of their fibers to expose each cartilage to be resected. 
The muscles can be then reapproxiniated with a few interrupted sutures. We 
believe that this avoids a considerable amount of dissection, unnecessary trauma, 
and blood loss. It does not interfere Avith the over-all cosmetic result. 

A variety of techniques have been described for maintaining the sternum 
in an elevated position once it has been fully mobilized.^* 

We have tried a number of these techniques, including forms of external traction, 
resuturing the costal cartilages and sternum together after AA^edge osteotomy, 




Vol"”" U PECTUS EXCAVATUJI: SUKGICAL APPHAISAL 

Number 5 



A. D 

iip 4—A, ProoporAl\\e roentgenogram of s-ame patient as Big 2 t 
B, postopetatuo roentgenogram after chest 'vall reconstruction u‘>ing iioniohigoiiv 
a strut 
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fi’le j—rostoi>eiati\e roentgenoRnm showing use of homulogoui, rib strut in a 3->ear-old 
** ciiild Good cosmetic result 
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and the nse of a homologous rib graft as a strut. The technique of pass¬ 
ing a homologous rib graft beneath the sternum and anchoring it to the appro¬ 
priate costal cartilages was first advocated by Dailey in 1950.“- “ We started 
using this technique on adults and teenagers Avith severe sternal depression. 
It was found to be so satisfactory that the use of such a strut has now been 
extended to the younger age group. A strut has been used on 4 children under 
6 years of age in our scries. 

We believe this technique has several advantages over other methods. No 
form of external traction device is necessary-, obviating the need for cumber¬ 
some appliances on the chest Avail. The strut gives stability to the sternum 



Pig. 6—Homologous iib strut postopeuitixely m u 23-jeai-okl patient. Note notch cut in stiut 

and anterior chest Avail, preventing paradoxical motion in the postoperative 
period. The sternum is readily held in a slightly overcorreeted position, a 
situation Avhieh Ave believe gives a better cosmetic result in long-term folIoAv- 
ups, particularly in those children Avho are in a period of rapid groAvth. It has 
been our experience to perform operations Avithout the use of a strut, and Avith 
an apparently good cosmetic result at the conclusion of the operation. e 
Avere then disappointed and chagrined to see these patients a year or 18 months 
later Avith some degree of recurrence of their sternal depression. This has not 
happened in any case in Avhich a strut has been used; some patients haA'ing 
been folloAved 5 years or more. 

A strut has been utilized in the correction of a pectus excavatum in 14 
patients. For the most part Ave have used a homologous I’ib graft as the strut. 
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Tliose ribs aie lomoitcl iiom pitients undeigomg tlioidcotomj, mUo me tue 
fioni infectious or inaligiiaiit diseases The iibs aie then cleaned thoioughl^ 
and pieserved in a deep freeze in steiile containeis In tliiee instances ive 
have used sinthetic stmts made of a iiietlnlmetliacnlate nsin These weie 
fashioned at the time of opeiatioii. but pioicd to be latliei einiibeisomc and 
weie aeconipanied bj an e\eessi\c amount of tissue leaetion in the iinmediate 
postopeiatne peiiod 

Tlie iiiajoi dissdiantage to the use of a stmt is the possibiliti ot infection 
This has occuried in 4 eases as a peisistciit di lining sinus postoporatnelv 
Ill each case, the stmt \ias icnioied easih, 1 to 4 inonths attei the initial opeia 
tioii Ill only one instance Mas tlieie aiij loss ot eosnietic lesult Tins mbs in 
a lOjeai old male Mith llaifan’s sjiidioine Aftei the leinoial of the strut 
in tilts ease, the sternal depression Mas again present, but to a much lesser degiee 
than pieopeiativeh Those patients in mIioiii i stmt Mas used but not le 
moicd, shoMcd giadual absoiption of the homologous bone oiei a period of 
6 to 8 months 

The otliei disadtantage to the use ot a homologous iib gi itt has been 
the inabiliti to obtain enough laiiatioii in size and ciindtuie ot the giaft 
to meet the needs ot the induidiial pitieiit To ivoid this and to attempt to 
ciicumient the pioblcm of inltction, mc aie cuiieiith Moiking on the use of a 
thin, flat, stainless stiel bai This bn has stieial notches on citliu side to 
facilitate anchoiiiig to the costal eaitilages, and a hole at eithei end to maKo 
reniotal easj It is pioposed to use these bars as stmts, and reinoxo them 
eleetively aftei eoiuplete healing of the chest m.iII has otcuiied 

I'OSTOPFB VTH F 1UN lOLMENT 

The occiuienee of a unilatcial oi bilatcial pneumotlioiax dining these 
optiations has not been i pioblcm Tins has occuiicd ten times in tMcntv nine 
opeiations, including fise instances iii childicn under the age of 6 jcais In 
4 cases the pleuia Mas uiadieitenth ciiteied bilateialh If penctiatioii iiit 
the pleuial casitj is lecognizcd at the tunc of operation, an inten-ostal eathet i 
for water seal drainage is inserted at the conclusion of the pioctduie In m 
event, a poitable chest loentgciiogram is taken in the operating loom at lie 
coiiclusioii of each opeiation If a picviouslv uiiiecognized pneuraothoi \ is 
seen at this time, it is a simple mattu to iiiseit an iiiteicostal eathetei sii i the 
patient is invaiiablj still asleep No uiitoMaid effects have resulted t uii i-v 
cication oi a pneiunothoras tlicst eathcteis can almost alvvaj'S b leiiiorc- 
vvithin 24 hoiiis, as soon as tlioie is radiologic evidence of full lee'pnMeci - 
the lung 

The iiiajoi pioblcm in the immtdiate postopciativc peiiol has 
keep a clem tiaeheobioiichial tice This is paiticulailj tme in the.' -- ' 
childien during the first 48 houis after operation The patient a:— 

allowed out of bed bj the fouith ot fifth postopeiative ■’ ’ c-- ' 

hospital bv the eighth oi ninth daj 
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There is another important aspect of the postoj)erativc care which we do 
not believe has received snfficient attention in the literature. This is the prob¬ 
lem of postural training and over-all muscular balance. It has been our ex¬ 
perience to perform what was apparently a successful correction of a funnel 
chest deformity, only to find that the patient was still potbellied, stoop-shoul¬ 
dered, and kyphotic. Any significant degree of sternal depression, Avhich has 
been present for a i^eriod oi years, is accompanied b 3 ’' a weakness and short¬ 
ening of the pectoral, trapezius, and abdominal muscles and, to some degree, 
the other accessory muscles of respiration. Stretching and strengthening of 
these involved muscles, as well as postural training, plays an important role 
in the achievement of a sucee.ssful cosmetic result. Exercises to improve the 
strength of those muscles and to regain their normal length can be tanght to 
children as young as 4 j^ears of age, and can be supervised by parents at home. 
These exercises and postural instructions are usual ly started at the end of the 
first postoperative Aveek by members of our Department of Physical j\Iedicine. 
In those children too young, or unable to follow such a program, the course 
is started as soon as thcA’ have reached a suitable age. The continued use 
of such exercises and training has improved tlie over-all appearance of the 
patients. We feel that this is an important adjunct to operation and contrib¬ 
utes to a lasting good cosmetic result. 

KESULTS OF OUER.VTIOX 

Objective evaluation of results after operations for pectus excavnitum is 
admittedly somewhat nebulous. Our evaluation of im])rovcment is based on 
cosmetic appearance 6 months or more after operation. On this basis we have 
classified results as follows; (1) good, meaning no significant residual sternal 
depression; (2) fair, some residual deprc.ssion but improvement over the pre¬ 
operative status; (3) poor, showing no significant change over jireoperative 
appearance. On this basis, the over-all results after all operations are given 
in Table II. Thus, 1went\'-one results could bo classified as good, and four as 
fair. These results include 2 cases in which secondary operations were ncccs- 
saiy to improve the eosnietie appearance. 


TABr.E II. Pectus Excavatum 
Results—All Opeeations 


AGE 

j GOOD ] 

1 PAIR 

1 POOR 

i DEAD 


4 


1* 


18 1110.-3 yr. 

2 

1 


1 

3 yr.-G yr. 

4 

1 

1* 


6 yr.-16 yr. 

6 

1 

1 

- 

Over 16 yr. 

3 

1 

- 

- 

Total 

Pinal total 

19 

(21) 

4 

3 

(1) 

1 


•Reoperation witli KooC results. 


In 14 patients in whom a homologous rib graft or other strut was used, 
12 could be classified as good results (Table III). There was one fair result, 
and this was in a patient who had the strut removed approximateh^ 1 month 
postopcrativel 3 ^ One death occurred in this group, as mentioned previously. 
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In the gioup 111 Avhicli no stiut uas used the o\ti all icsults ^\cie not as giatifj 
mg Ill the 5 infants subjected to the sunpic opeiation of diMsion ot the sub 
sternal ligament, 4 had good lesnlts, and 1 intant icfinucd a second opoiatioii 
In 10 patients 'who had chest wall iccoustiaction without employing a iib 
giaft as a stint the icsults in 5 cases weie fan oi pool Good icsults weie 
obtained in the lemaining 5 cases, including 2 in which an e\toinal tiaction 
device was used One of the patients m this giouji with a pooi lesult has been 
subiected to a second opeiation using a homologous iil) giatt with a good lesult 
One otlici patient needs a seeondan opeiation, but this lias not let hoon done 


TvBIL III PlCTOS Excuuum 
Resuits op A vi lous Opervtions 


1 

roOD 

1 VAin 

1 POOR 

) DIAD 

Division of ligament 

4 


1 


Reconstruction—no strut 

5 


2 

_ 

Reconstruction with stmt 

12 

1 


1 

lot ll 

21 

4 

3 

(1) 

I 


In teinis of subjcctue simptonis, the 4 adults m this gioup had all d(hmtc 
sMiiptoiHb ot exertional djspnea and fatigabihn pnoi to opeiation In each 
instance, aftoi collection of the depiessed stcimim thoie has bun inodeiato 
to mailvcd nnpiovcment ni then sMuptouis In addition, all of tlwse pdonts 
luue a high inoiale as the icsult ot then cosmetic lmplo^<.ment 


CONCI UblONS 

1 Suigical concetion ot a pectus excavatum is feasible in teenagers and 
\oung adults, as well as duiing childhood 

2 Hxcisiou ot the xiphoid and division of tlio substeinal ligament gi\cs 
satisfactoiy icsults if the opeiation is peifoimcd piioi to the age of 1 jcai 

3 The best cosmetic lesults m oui hands, in lioth ehildien and atlults, 
ha\e been achuned bj the use of a stint passtd benoatli the stoinum 

4 The use ot inusculai exciciscs and postuial tiaining is an impoitant 
adjunct to siugeiy in acliievuig a good o\ti all cosmetic icsult 
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Discussion 

(Papers ry Welch [page 697] and Adkins and Gwathxiey [page 714]) 

DR. CHARLES W. LESTER, New York, N. Y.— If I seem to dwell on my points of 
disagreement with these papers it does not mean that I do not consider them excellent. The 
condition of funnel chest is so complex that conclusions cannot he reached from a limited 
group of eases, especially in a group of ea.ses all before the ago of puberty. Many funnel 
chests do not appear until tlie approach of adolescence and may not give symptoms before 
the age of 15. Yet operation on these jiatients produces such marked increase in exorcise 
tolerance that they all recognize tlie improvement, functional studies to tlie contrary not¬ 
withstanding. 

I believe that disproportionate overgrowth of tlie rilis is a factor in the late appear¬ 
ance of funnel chest, just as 1 believe that it is the most important factor in tlie protrusion 
deformities. Heredity is also a factor in both types of deformity and it is obvious that our 
concept of the etiology of anterior chest-wall deformities should be revised. That the pull 
of the diaphragm during inspiration is a dominant mechanism in producing funnel cliest 
is obvious. 

This diaphragmatic abnormality interferes with cifective cougli so that a minor respira¬ 
tory infection can become major and pneumonitis or chronic bronchitis can result. If this 
occurs in infancy, 02 )eration should be undertaken regardless of the ago and, in babies under 
one year of age, the simple sternoplasty should be used because it is simple. A radical sterno- 
plasty may be necessary a couple of years later but, in the meanwhile, the babj- has recovered 
from the infection and has had a chance to develop in a normal manner; and at least half 
of my patients who had simple sternoplasties have not required a radical sternoplasty later. 

Furthermore, because the clironic pulmonary infection can produce a postoperative 
cough after radical sternojilasty which, with an unsupported sternum, can ruin a good result, 
I shall continue to pass wires under the sternum, carry them out onto the chest wall and 
fasten them into a “ladder” (Brown’s terminology). This is for support and not traction. 
The support is easily applied, easily removed in a week or less and tlie procedure is less 
time-consuming than operations devised to avoid it. The danger of infection is highl}" over¬ 
rated. I have never had an infection wheu wires were used and only once with a rib strut, 
and this did not compromise the result. 

DR. J. KARL POPPE, Portland, Ore .—1 rise to report tlie case of a 32-year-old 
woman with anginal pain on effort in whom the repair of a funnel chest deformity markedly 
decreased her symptoms and permitted her to recover from narcotic addiction. This operation 
was performed during the late 1940's before the substernal rib strut was being used. About 
3 years later, the funnel chest deformity recurred, associated with recurrence of severe 
anginoid symptoms. Those synn>toins could be exaggerated by pressure over the depressed 
sternum. 
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Tins case ser\c': to illustrate mj cojitention that the surjiual repair of a fuunol chest 
deformity cau piocluce improvement in cardiortspxritoij disibilitj lu the adult 

DR. RALPH A DORNER, Dos Moines, Xowa—I rise merely to put in a uord for 
the use of a pre'^erved nb as i sfiut rather than using a rib from the patient at the tiiiio 
of surgerj In a series of about 20 cases, I have used preserved ribs and feel th it this can 
cut down on the operatue time and operative tiauma Furthermore, the flat portion of an 
adult nb cau be m^-erted beneath the sternum with coiwidcrabh le&s diflicult.i than is cn* 
countered in using the joung patient’s nb with its much greater uurv.iture With the Use 
of a rib strut, one can elevate the sternum and know that it will remain in place with an 
ultimate good result The onlj compliLation in my senes has been in one patient in whom 
I put the nb while it was still lerj cold Tins patient developed a phural effu«ion whicli was 
found to be sterile on aspiration and did not recur I do not know whether the coldncxa 
had au>thing to do with the cftusion or not, but I have been allowing the nb to warm as 
It IS soaked in Terramjcin solution prior to surgtrj 

I feel that with the use of a nb strut one can elevate the sternum and know tliat the 
condition will remain corrected It is now 9 jears since mj first 'Strut” patient w is 
operated upon 

DR PAUL W'. SANGER, Charlotte, N C—The pitlioph^Niologj iii pitunts with do 
formed chests is hjpovcutilatioii, as it is with aii> tvpe of tlioracn. page deformiti with a 
ti\ed chest wall, whether it be kjphosH, pectus excavatiim (funnel chest), or putiis t innitum 
(pigeon breast) Thc'C individuals have lost the bellows e/Teut of the chest which h ib 
solutely necessary to bring a sutficient quantity of ur for e\posure to the giscous cvdiing 
ing surface of the lung 1 tliiiik in the pectus c\cav itura and cannatum the deformitv is 
created bj overgrowth of the costal cartilage<5 Tlie pitient'* selected for operitnm m il is 
with symptoms of bieathlessucss, palpitation, or with objective signs ot pirilAicd 1 ? itli 
mg, irrespective of age 

(slide) I do not think }ou ^should refuse to operate on a ihild pist because he is \(uii-. 
if he IS having respiratory dilficulty. Twenty six of our patients Imvo In on umh r the igt 
of 3 years 

(slide) Of the 103 patients we Jiave operated upon witliout a single d« ith, nil wen i ui 
through tlie gamut of physiologic studies, and we have found that a low pll was a • on 
sistent abnormality. AKo, the pulmonary arterial pressure, even although it may le iiormil 
at rest, remains high for an abnormally long tune following bicvcle exercise of the h g-? 

1 believe the cartilages should be removed entire Ij uui only i small -ctrip of the 
perichondnuni, after it has been shorteiie*d, is attached to the undersurface of the sternum 
r do not use any form of external fixation, nor do I objea t to entering the ph ur il < ivity , 
as a matter of fact, I frequently dram the pleural cavity in order to avoid repeated pleural 
aspirations which aie otherwise necessary 

Tins series represents patients we have operateel upon in the* list 13 von- Many of 
them have since married and some have ivin had service in the Mirine Corps 

DR MARK M BAVITCH, Baltimore, Md —I rise to emphasiro whit previous dis 
cussers have already stated, that this is i condition which causes symptoms, and th.it palients> 
should be operate'd upon for relief of symptoms and prevention of the dinlopmcnt of symp 
toms, as well as for correction of the cosmetic and postural deformity. Wo have sc.» ii adults, 
so severely symptomatic as to be in he irt failure, reUcve*d and returned to a symptom fne 
life after openation, and childien, of al! igis, with moderate degrees of Innitatum of .ibditv 
for exercise 

(slide) This slide is of a child of JO months of age who had i frighteningly st.M.re eon- 
genitil btndor whieli disappeared on the operating table and has not returned siiic’o open 
tion The stridor hid been so se\e»re tint from moment to moment ' neetssii.^^or tnelie 
ostomy had been entertained. 
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Up to the present, we have operated npou 73 patients for pectus excavatuin. With 
respect to the ages of the patients operated upon, we feel that tlie operation sliould be under¬ 
taken in infants or children whenever the deformity Is judged deep enough to merit opera¬ 
tion, or ^vlienever it has been observed to be progressive. In adults, we have operated only 
upon patients wdio are symptomatic. As you see from the slide, we have operated upon 9 
children under the age of 12 months and a total of 23 under the age of 2 years. We have 
not observed any particular difficulty in operating upon these infants and find they tolerate 
the operation at least as well as the older patients. We have not required tracheostomy in 
any cases. We have operat(‘d upon 43 patients bet»veon the ages of 2 and 20, and upon 7 
patients between the ages of 20 and 41. All the latter were symptomatic, several of them 
severely so, and all obtained complete relief following operation. 

The cosmetic end result in children has always been satisfactory, although in some of 
the I'arlier cases, when we did not overcorrect them as mncli as we do now, the chest was not 
as full and round as we would like to see it. The cosmetic result in the adults has been less 
satisfactor}' and is limited by the fact that the nmntibrinm itself is depressed, and that 
actually the clavicle seemed to be pointing backward and medially so that the forward cor¬ 
rective displacement of the body of the sternum is limited by the position of tlie manubrium. 

With respect for the etiology of the deformity, we have assumed it to be due to 
overgrowth of costal cartilages. I .show you this slide of a child with congenital absence 
of the abdominal musculature. This is es.sentially a j)reparation in which the pull of the 
diaphragm is unopposed by the rectus and may be considered comparable to an otherwri.se 
e.xaggerated pull of the diapliragm. Here, at 3 months, you see no striking deformity of the 
sternum but, in the next slide, at 3 years of age, the distal end of the, sternum is x>ointing 
sharply back where it has been jndlcd by the unopposed diaphragm. There is no sternal con¬ 
cavity. Furthermore, in many children with pectus excavatum the maximal depression is 
some distance cephalad to the insertion of the diaphragm. 

From the standpoint of technique, we continue to exercise all of the deformed cartilages 
subperichondrially for the full extent of their deformity, to transect the first normal car¬ 
tilage which is left behind, and to perform the sternal osteotomy at the intor.space above this. 
Tliis permits a three-point fixation: (1) across the sternal osteotomy, and (2) and (3) 
the resuturing of the transected cartilage. Thi.s X)roduccs a very firm fixation of the sternum 
and neither in infants nor in adults have we had to emifioy either external fixation or any 
form of strut. 

I would suggest that perhaps the mo.st important thing which has emerged from this 
morning’s discussion is that today, in contrast with the situation at the time when Dr. 
Ochsuer and Dr. DeBakey wrote their basic review, the situation is not whether these 
children should be operated upon, but wlnm and how. 

DR. LYMAN A. BREWER HI, Los Angeles, Calif.—I have enjoyed the authors’ 
presentation of these papers on pectus excavatum very mucii. We have been interested in 
this problem for a number of years and have carried out extensive cardiorespiratory tests 
including cardiac catheterization to determine the functional impairment. Our studies in 
a series of more than 60 patients reveal the fact that in the vast majority of cases, pectus 
excavatum is not a physiologically disabling condition. Although infants are difficult to 
test, there are very few infants and young children that show signs and symptoms of fatigue. 
Even in some of the teen-age patients and adults who have had moderate dyspnea, palpation, 
and fatigue on exertion, careful physiologic testing has not shown functional impairment of 
moment. Therefore, in our experience, the vast majority of operations that are being per¬ 
formed are carried out for psychological and cosmetic reasons. In the teen-age child, psycho¬ 
logical and cosmetic reasons may be most important. Because teen-agers do indulge in 
sports and develop eomplexes out of all proportion to the physiologic impairment, surgical 
correction for the marked deformity is very definitely indicated. In those patients who 
have symptoms of cardiorespiratory deficiency, there is added reason for surgery. 

We have employed an operative technique which makes all casts, external traction, 
temporary foreign bodies, splints, or fixation unnecessary. In this technique, we remove 
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periehoiulrally the deformed cartilages and subpcrio'^teall} the ot'^eous poition of tlie do 
formed part of the sternum down to the posterior periosteum. A cardiohsis is earru 1 out 
if there is displacement of tlic heait The posterior ptnosteum of the sternum, uhnh is, 
an c\ctodiiiglj tough, diiisp structoro, i<« pulled upwaul by tlie muscle xmll of the pectorilis 
major muscles b\ fixing tlie pectoiahs fascia to the postcnoi periosteum of the ‘^termini with 
a midhiie row of interrupted heavy cotton or silk futures Xo internal nor external splint 
or traction is thus needed lo ineioase the rapiditj of stein il legoneration, bone chips of 
tlie resected sternum are placed in the periosteal hid There is piaiticallv no parailoxic il 
raoiement once the closure of the ilnst wall has bemi completid and the che>.t will is com 
pleteh flat witli the defoimit\ (orreited as soon as tin operition has bi en cnnipkted llu* 
jiatient coughs and biiatlus well The pitieiit is up .md ihont in a few da\s and jni\ be 
discharged home in fiom 7 to 10 dajs following the opei vtion The posfop. ratue pound is 
usually verj smooth, without •'Crions eomiilications or prolonged mor!)idit\ Tht sti mum 
IS usuallj solid in fiom 6 to S weeks It is import mt, of coiir'*e, tint the pitient niamtam 
good posture dining the period of sternal legcnciation, as it is for all t\pes of st» rnnplasf\ 
The shortemd and simplified postoperilive cue without the mcessjt\ for long periods in 
easts with external traction or witli external internal splint, the cxcellinf immeiliate cosiiufip 
result, and the improied phiiioJogic fiirictioniiig of the thoracic cage commend the above 
technique for adults and children alike We larel) operate u])on infints md joimg «Iiil 
dren unless there is defluitc evidence of pli\sjologie impairment, a- jiomttd out b\ Pr Ruitch 

DB. LATTBENCE K GROVES, Cleveland, Ohio—The general piactitiomr and the 
pediatrician seem to bo inclined to tell the puents of thesi* children not to do anvtliing about 
the deformitj, it will piobabl) go awaj The onJj fiouble with this idvice is that it is not 
true; if anjtlung, the doformit) gets deeper with giowth We agnt with most .f the dis 
eusseis of these papers tins morning that frequently patients do liu( sMiiptoms however, 
it IS iisualh diflieult to domonsti ito obicctive cardiopulnionarv cliangis In \d«lition, more 
often th.m not tUe«o people will not have otherwise well formed ehestn and I tJiniK it h im 
portant to discuss with the parents the fact that we can cure tl (hformitj, but that the 
child will still have a flat chest 

(slide) Here is a prooperatne pictun of a typual <lnld we would opiratv* upon 

(slide) Wo do essentially the same operation tint Jus been desculied, but munttun 
external traction with rubber bands to a wire frame taped to tlio anterior chest Tii ehd 
dren, this is necessary for only a week or two 

(slide) In the adult it is a little harder to attaih tlic fiame to the dust and it is 
incorporated in a Iiglit jdasfer body jacket 

(slide) Traction is maintained ordinarily from 4 to 6 wiiKs 

(slide) We have hid the s.iim* cxperitnre in infuits as cited by’ Dr Baulch Here 
is a 12 week old infant who had severe stndor At rest, tlicro was actually no deformity, 
but oil inspiration there was tiemcndous rctiaetion Nothing was actually done to the 
pectus, but traction sutures, were placed in the sternal eartilagc md triction maintained 
for approximately 2 weeks TJiere was no further respiratory distress 

DR RICHARD H OVERHOLT, Boston, ifass—Dr Welch and the previous discussers 
Iiavc indicated that results in the repiii of this deformity can be improved by, fiist, a cai 
ful selection of patients and, second, by simplification of tho technique of the operation T 
seems to be general agreement Hut older patients some form of temponry’ fixation t i ip 
port to the elevated sternum is desirable Our expericnic has been largely with ;Jl or 
adolescent patients Recently, I have provided internal fixation by inserting a nmanii 
pm from one side of the cage to the other and beneatli the sternum Both cnd<= i the pm 
ire threaded to accept a metal washer which t m be turned into propei pc m Tiiev 

prevent lateral movement of the pin The period of hospitalization averages ler 2 uick- 
The pin can be removed easily as an olhee procedure 2 to 3 months latei 'Phis inet/iod i'* 
simple, safe, and efl’cctivc 
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DR. JAMES E. DAILEY, Houston, Texas.—I will take only a moment. Our e.xperience 
with the strut in the majority of cases has been with children between the ages of 4 and 7. 
I would like to show you the youngest one who was 30 months old. 

(slide) This is the child 10 days postoperatively. 

(slide) This slide illustrates the rib strut wired in x’iaee. 

(slide) The catheter you see in at the upper right leads to the space beneath the sternum 

and is placed there for about 24 to 36 hours to get rid of the fluid and dead space beneath 

the sternum. 

DE. WELCH (Closing).—1 would like to thank the discussers for their interest and 
the helpful information added to tlic subject of “jicctus e.xcavatuni deformity.” There 
arc just one or two closing comments that I would like to make. 

The problem of recurrence has perplexed us. We have encountered this complication 

iive times. It does not occur in tlie immediate postoperative period when external traction 

devices are used. It does not even occur in the first month when internal stabilization with a 
Kirschuer wire is used. All patients appear satisfactory up to 3 months. When you see 
them 6 mouths to a year after operation, there, unexpectedly, is the i)atient with recurrence. 

The second comment has to do with the tyjje of operation. I have a very healthy re¬ 
spect for the risk associated with surgical correction of tliis disease, especially in the younger 
group. I believe that the more extensive ox)erations involving a complete takedown of the 
anterior chest nail, with violation of both jflcural cavities, will set the stage for major 
pleural cavity and medisistinal complications. I doubt that 50 consecutive operations of this 
typo can be carried out without a mortality. Conse(|uently, we feel that a simple e.xternal 
operation, of the type illustrated today, is preferred. A siitisfactory thoracoplasty result 
is attained with virtually no postoperative complications. 

The third comment has to do with late troubles. This has been adequately documented 
in the second and third decades of life. They do not develop clinically and cannot be ob¬ 
jectively identified in the first decade. For this and for the other reasons presented, we 
recommend that operation be undertaken in selected individuals at or near the age of 3. 

DR. GWATHMEY (Closing).—On behalf of Pr. Adkins and myself, I would like to 
thank the discussers. We agree with Dr. Dorner that the operative time is shortened by the 
use of preserved ribs in place of fresh bone. Recently, rve have been using struts made 
of stainless steel and notched at both ends for fixation in the e.xperimental animal. At the 
present time, tissue reaction has been minimal and there has been no problem witli infection. 
We hope to report on this at a later date. 



HYPOVENTILATION, HYPOXIA, AND ACIDOSIS OCCURRING 
IN THE ACUTE POSTOPERATIVE PERIOD 

R Mauuce Hood, Commandet (MC) USN (by imitation), and 
At thin C Beall, Ji , Lieutenant (MC) USNR (by invitation), 

Oakland, Calif 

(Sponsoied b) Blank A Geibode, /II D, San Fiancisco, Calif ) 

A deqovte \entilvtion dunng thoiacie oppiations ]ias long been the goal ot 
suigeons and anesthesiologists Ciafooid seems to have been among the 
lust to lealizc the importance of adequate sontilation as oppostd to tliat ii 
quiied to inaintain life duung open chest operations Acidosis dtiiiiig aucsthetie 
adnuiiistiation and siugical piocedmes is not a iievly lecognized phenonienon 
Austin and co woikeis,‘ lu 1922, Cullen and associates,= in 1924 Stchlc ,iiid 
Bouuie,® in 1924, and Leigh,-* in 1942, have all obsened acidosis and a use in 
pCOj following the adiiimistiation of general anesthetic agents Howiiei tin 
impoitaiice of acidosis duung suigical pioctduies and its frequency and si vents 
do not seem to have been appicciatcd until the vvoiK of Becclier-' was lepoitid 
befoie this gioup in 1949 Subscqueiith, miiiieious studn s have been doni tin 
most notable among which have been the vvoik of Gibbon and eovvoikeis,” 
Ellison, Ellison, and Hamilton,' Miller and associates® Stiad Mai tin and 
Jensen,® and Taj lor and Roos'" 

These investigatois have eleailv shown that hjpovcntilation is lespoiisible 
foi CO 2 letentioii with the development of icspiratoiv acidosis Attempting 
to prevent this phenonienon, much vvoik has lesulted 111 methods and efficiency 
of ventilation duung intiathoiacic piocediiies far supeiioi to those available 
15 yeais ago 

Little investigation has been ducetod tovvaid iLSpiiatoiv efficienej duung 
the immediate postopeiativt peiiod In Gibbon’s studj' (1950), 11 patients 
had blood samples diawn 1 to 2 hours postopeiativelj , of the 11 eases, 2 showed 
a deciease in pll aftei suigeiy and, in 1 patient, Oj saturation dioppcd to 78 
pel cent 

Alai tin and Stead," 111 1953, iciiioved blood samples 111 IS patients 20 to 
30 iniiuites attoi tlie patient had bun ittiiuied to the vvaid All but 1 ot these 

From the Tlioraclc Sursery Branch of the Surplcal Sei\lce and tljc Cardloresplratoiy 
Unit of the CUnlcal Investigation Center U S Naval Hospital Oakland 

Supported in part bj Contract Vonr 222('»1) between the Olllcc of Naval Kesearch P 
partment of the Navj and the University of California San Francisco 

The opinions or assertions contalnt,! herein are tliose of the authors ind are not t be 
construed as offlcial or n».c».ssaril> reflecting the vicus of the Aledical Department of the 
or the Naval Service at large 

Read at the Thirtj elghtli Annua! Ucetlng of TJie American tssc 
Surgerj at Boston Jla^s aia) Jfi IS 19a8 
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showed a i)H drop from the preoperative level but since no samples were taken 
at the end of surgery, the respiratory effieieney of the postoperative period alone 
could not be evaluated. However, their mean values of CO., excretion and al¬ 
veolar ventilation do not indicate hypoventilation in tlic group as a wljole. 

Sealy, Young, and Hiekham^- reported 2 patients, both of whom had re¬ 
spiratory acido.sis in the postoperative period, po.ssihly aggravated by the ad¬ 
ministration of oxygen. Kespiratory a.s.sista)iee with otlier mca.sures wore used 
to relieve these patients. 

Hamilton and Devine‘“ determined pCO^ from alveolar air and measured 
minute volumes in 100 surgical patient.s. No reference is made concerning the 
number of thoracic surgical patients included. Tiieir studies indicated that 25 
per cent of the total number had pCf )2 levels in exce.ss of 45 mm. Twelve of 
25 patients, with increased pCO^ values, wei-e shown to he hypoventilating in 
the recovery room. 

We have been impressed with the apparent observation that thoracic surgi¬ 
cal patients in the recovery room were hypoventilating; therefore, this study 
was undertaken to determine accurately the characteristics of ventilation during 
the first postoperative hour and to determine if hypoventilation was present in 
a sufficient degree to alter 0.. saturation, pCO™ values, and pH of arterial blood. 

METHOD 

Thirty-eight patients were studied. Thirty underwent intrathoracic opera¬ 
tions of miscellaneous types (Table I). Eight were individuals having major 
abdominal procedures. The subjects were not studied consecutively and no 
patient known or thought to have measurable respiratory insufficiency preopera- 
tively Avas included. 


Table I. Types op Operations Perpobmed 


TYPE OF OPERATION 

1 NUMBER 

Thoracio Surgical Patients 

Pneumonectomy 

2 

Lobectomy 

5 

Segmenteetomy 

6 

Bronchoplasty 

1 

Mitral commissurotomy 

4 

Closure, atrial septal defect 

1 

Eesection, mediastinal tumor 

Vagotomy 

2 

1 

Cervicodorsal sympatliectomy 


Eesection of chest Avail tumor 

3 

Pleurectomy 

0 

Exploratory thoracotomy 

1 


An arterial blood sample Avas obtained on the day prior to operation, and 
at the end of the procedure an intra-arterial needle Avas inserted into a femoral 
artery. Samples Avere obtained just prior to the removal of the intratracheal 
tube and at 15-minute intervals for 1 hour. Samples Avere analyzed for O- 
content and capacity after the method of Van Slyke and Stadie^^; CO 2 content 
Avas determined folloAving the method of Van Slyke and Neill.These Avere 
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coin Cited to seium couteiit eahicb using the i.jsteiii of Van Slyhe, Seiidioi, and 
Inu Seiiini CO 2 tension m miUinietei's of meicuij Mas calculated, using the 
noimogiani of Van Sljke and Sendioj * Ilepaiim/ed blood samples ueie eol 
lected m pipettes eontamuig sodium fluondc, as suggested by Giaig and eo- 
MOikeis,‘“ and the pH uas determined diicetly, using a Camhiidge glass elec 
tiodo pH metci In addition, spiiogiams of 2 minute diiiation iveie made on 
eaeli patient, to coincide nitli eaeli ot the 4 blood samples diann 111 the post 
anesthetic period From these, tidal volume and minute ventilation volumes 
M eie ineasiued Alveolai ventilation iias estiiinted using the values for aiiatomio 
dead space deteimined by Pon Icr 

Anesthesia in this gionp of patients ivas conducted by 2 anestliesiologists 
and 3 lesidents m anesthesiolog}, who weie umntoimed as to the piupost 01 
lesults of the study Pie anesthetic medication usuallj consisted ot Demeiol 
pentobarbital, and atiopine, oecasioiiallj moiphinc and scopolamine ucic used 



Anesthetic agents employed ueie usually iiiliaeenous Pentotlnl Sodium foi in 
duetion and uitions o\ide and oejgen iiilial ifioii supplemented hi intiavuious 
suceini Iclioline hydiocliloiide foi the eliuation of the pioceduie Cyclopiopanc 
and cthei weie used 111 a few patients Contiolled respmition Mas used m all 
thoiacic cases, m 16 patients this Mas caiucd out by manual compiession of the 
anesthetic bag and, in 14 patients, controlled ventilation Mas admiiusteied by 
the Jeffeison ventilatoi Mith inteimittent positive iiogatn e piessuie 

RESULTS 

Table II gives the data actjmied on the total senes of patients Fioni this 
nnteiial, 14 patients in the thoiacic senes wore identified as dcmoiistratmo- a 
diop in pH of at least 010 unit duiing the first postope, ' r ' 

of the otliei 16 showed lessei changes, no cliange, 01 a ' v 
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Table IT. Data on 38 Patients S 


.VRTEKIAL Oj (% SATDBATION) 


..VRTERIAL pCO; LEVELS (MM. HQ 


CASE 



1 

iniKOPER- 

ATIVE 

ENDOE 1 
ANES- 

1 INTERVALS (.MIN.) 

PREOPER¬ 

ATIVE 

END OP 
ANES- 

INTERVALS (il 

NO. 

NAME 

SEX 

AGE 

CONTROL 

TIIESL\. 

1 15 

1 30 

1 45 

1 60 

CONTROL 

THESIA 

15 

1 30 

1 -15 

Thoracic Surgery 

1 L. S. M 

30 

90 

100 

100 

95 

94 

91 

35 

42 

43 

42 


2 

IsL J. 


27 

98 

100 

89 

92 

93 

93 

33 

27 

40 

46 

52 

3 

0. 0. 

:m 

57 

87 

100 

97 

91 


86 

35 

38 

43 

42 

4 

E. C. 


39 

90 

90 

90 

92 

91 

88 

38 

44 

48 

47 

49 

5 

G. D. 

P 

39 

92 

100 

100 

82 

93 

88 

29 

■ 32 

58 

49 

44 

6 

M. B. 

F 

14 

91 

100 

92 

94 

96 

91 

29 

38 

45 

42 

52 

7 

G. II. 


62 

91 

100 

89 

82 

87 

78 

30 

35 

46 

34 

38 

8 

P. P. 

>1 

42 

91 

100 

76 

91 

90 

89 

35 

28 

54 

52 

56 

9 

I. B. 

M 

33 

96 

100 

87 

86 

88 

86 

46 

33 

46 

48 

47 

10 

IV. s. 


35 

92 

100 

88 

86 

87 

84 

45 

32 

42 

50 

49 

11 

E. E. 

F 

31 

94 

95 

100 

92 

94 

95 

3(5 

45 

39 

52 

44 

12 

D. M. 

:m 

43 

94 

100 

88 

89 

89 

87 

31 

33 

42 



13 

R. H. 

:m 

37 

91 

100 

98 

91 

87 

89 

42 

51 

46 

45 

42 

14 

B. L. 


54 

86 

99 

97 

95 

95 

90 

37 

34 

53 

40 


15 

E. H. 

M 

35 

91 

100 

97 

97 

100 

98 

34 

39 

46 

43 

45 

16 

D. M. 

M 

22 

88 

100 

94 

96 

97 

93 

52 

34 

48 

48 

46 

17 

T. D. 


20 

91 

100 

100 

100 

97 

98 

37 

51 

45 

47 

44 

18 

A. B. 

:m 

19 

93 

100 

100 

100 

97 

85 

52 

36 

38 

37 

36 

19 

0. B. 

u 

39 

89 

95 

85 

87 

91 

89 

35 

59 

41 

46 


20 

E. R. 

AT 

39 

88 

100 

88 

91 

91 

89 

32 

40 

40 

45 

37 

21 

G.M. 

F 

38 

93 

100 

91 

89 

— — 

86 

32 

37 

30 

42 


22 

E. V7. 

F 

26 

96 

100 

98 

91 

96 

89 

32 

39 

48 

42 

40 

23 

W.D. 

2,1 

32 

95 

100 


100 

98 

99 

34 

42 


40 

44 

24 

J. R. 

21 

19 

92 

71 

78 

78 

74 

80 

34 

so 

58 

58 

46 

25 

R. E. 

F 

26 

93 

92 

84 

86 

86 

76 

32 

43 

74 

80 

67 

26 

V.H. 

F 

35 

98 

100 

96 

98 

95 

94 

41 

31 

32 

35 

33 

27 

R. M. 

yi 

49 


100 

88 

83 

90 

99 


36 

33 

33 

22 

28 

J. S. 

F 

22 

90 

100 

98 

100 

97 

95 

40 

37 

46 

46 

47 

29 

W. 0. 

:m 

33 

93 

100 

93 

95 

92 

95 


53 

49 

44 

39 

30 

L. H. 

yi 

26 

94 

100 

91 

82 

94 

91 

42 

35 

44 

50 

41 

Abdominal Surgery 

31 M. K. F 31 

90 

100 

59 

92 

_ 

-- 

37 

4o 

36 

48 


32 

M. S. 

M 

59 

87 

100 

100 

97 

88 

85 

36 

51 

49 

45 

38 

33 

A. S. 

F 

46 

89 

100 

95 

98 

96 

94 

32 

32 

32 

36 

35 

34 

C.N. 


36 

91 

100 

99 

94 

90 

91 

41 

46 

49 

51 

44 

35 

C.M. 

u 

22 

'94 

100 

98 

100 

93 

93 

45 

42 

43 

48 

31 

36 

J. S. 

yi 

30 

94 

100 

100 

100 

95 

95 

27 

50 

35 

42 

37 

37 

D. R. 


52 

91 

100 

95 

93 

96 

98 

39 

28 

33 

28 

29 

38 

L. K. 


26 

91 

100 

98 

94 

97 

97 

35 

41 

33 

34 

35 


®Jefferson. 
tRecovery room. 


acquired during the period of anesthesia. The spirograms and ventillatorj^ 
values of these groups of patients were studied individually and mean values 
for the group calculated. Fig. 1 compares the mean tidal volumes of the 2 
groups at 15-minute intervals and clearly indicates significantly lower values 
for the patients in the acidotic group. Some individual values were measured 
in Avhich the tidal volume Avas as Ioav as 150 c.c. 

Pig. 2 is a similar comparison of the mean values for minute ventilation 
of the same 2 groiips. These values shoAV an even greater divergence and, in 
addition, illustrate the usual trend toward normal values for patients in the 
depressed group as the time after anesthesia progressed. _ 

Alveolar ventilation is without doubt the most important measurement 
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.VFTERIAL pH VALUES 


1 




^REOPER I 

ATI\E ' 

1 r\J) OF 1 
1 CNES 1 

1 INTERVALS 

; (Mi-j) 

VENTI 

1 I \TOP’* 

N VSil 

O 1 n EN 


CONTROL 

I Tin SI V 

1 15 1 

30 i 

■15 

1 60 1 

1 USED 

IN r P t 

1 IKOUULPI 

7 43 

7 31 

7 29 

7 32 

7 35 

7 34 

JLS 

jes 

Pleurtctomj 

7 35 

7 37 

7 32 

7 28 

7 22 

7 2b 

>cs 

no 

S 3 TupAtliectomj, upper iIoistI 

7 43 

7 40 

7 28 

7 28 


7 37 

UO 

jes 

Wedge ie«cttxon, LUL 

7 42 

7 35 

7 33 

7 31 

7 30 

7 30 

no 

>es 

BtomUoplcsty, Icit wi'ww 

7 48 

7 43 

7 OT 

7 28 

7 32 

7 32 

110 


Hitral < ommi^'.urotonu 

7 47 

7 43 

7 33 

7 36 

7 28 

7 37 

no 

ICS 

Segnn iil( (toiin, RUL 


7 40 

7 32 

7 43 

7 40 

7 36 

\cs 


Lol)citom\, LLL 

7 3t) 

7 43 

7 23 

7 24 

7 20 

7 21 

no 

no 

TranstUoiaoic \ngotouw 

7 ^4 

7 42 

7 31 

7 28 

7 28 

7 28 

no 

no 

Itcdgi nsiction, KUh 

7 39 

7 44 

7 32 

7 28 

7 29 

7 31 

no 


C Insiiu itn il « pi il (letitt 

7 4b 

7 20 

7 31 

7 24 

7 30 

7 29 

no 

no 

Rcscetion lueiha-'tin il tmnor 

7 43 

7 33 

7 29 



7 23 

les 

no 

Seguu nt( { toiu\, LUL 
Lobettonu, LUL 

7 40 

7 29 

7 33 

7 35 

7 37 

7 36 

no 

no 

74i 

7 48 

7 26 

7 40 


7 39 


JOS 

PnLunioiu ctoin\, ri,,ht 

7 47 

7 38 

7 30 

7 34 

7 34 

7 31 

ves 

no 

Ri«5ectiOU niediiatinil tumor 

7 29 

7 46 

7 33 

7 34 

7 36 

7 35 

MS 


Lobcitonu, RtJ & Iff 

7 44 

7 32 

7 37 

7 35 

7 37 

7 37 

no 

jes 

HvcMiott tlast Will tnnu'r 

7 31 

7 43 

7 40 

7 41 

7 41 

74> 

N«S 

JC-s 

*>pgnunieitomv LUl 

7 43 

7 31 

7 39 

7 32 


7 38 

no 

M*S 

b\ mp dim toiny, oirvi « 1 imI 

7 53 

7 38 

7 35 

7 32 

7 42 

7 41 



Pleurecforny 

7 40 

7 32 

7 41 

7 26 

— 

7 44 

no 


^^dr'\l ( onuni'ssur a mv 

7 47 

7 29 

7 20 

7 27 

7 31 

7 33 



S( gmintu ti m\ RI J 

7 49 

7 37 

7 33 

7 39 

7 34 

7 34 

no 

^cs 

^egmcid'1 tt nil III 

7 50 

713 

7 23 

7 27 

7 36 

733 

no 

\0'. 

Lobeotonu t I I 

7 48 

7 20 

7 02 

7 02 

7 09 

7 12 

no 


I obi (tonu MI 

7 36 

7 46 

7 40 

7 38 

7 40 

7 48 

no 
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7 41 


7 29 


\es 

F'.ilorator% th ri t 

7 37 

7 39 

7 31 

7 31 

7 30 

7 34 

ves 

ACa 

1 IK tiimjncef'oin'v Icl t 


7 23 

7 26 

7 32 

7 32 

7 33 


APS 

M nl < oimms'Niirc i i ' 

7 38 

7 30 

7 33 

7 32 

7 36 

7 34 

yos 

no 


7 37 

7 2b 

7 43 

7 23 

7 23 


no 

put 

time 

(1 ] \cl( tntjiv 

7 40 

7 35 

7 30 

7 34 

7 40 

7 28 

no 

iCa 

(hoi yst'etoti\ 

7 49 

7 41 

7 43 

7 38 

7 40 

7 41 

no 

no 

Poliiloniv, n^lit 

7 37 

7 30 

7 28 

7 25 

7 30 

7 32 

no 


Oi'nI rpctom\ subi k iJ 

7 34 

7 37 

7 34 

7 27 
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7 38 
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ulien evaluating acleciuacj of \enfilatiou Tlic inotliocls ol tlelinnnialion \ai\, 
depending upon the method used in estimating dead spaec Koi a sdidv sucii 
as this to have piaetical value, the moie elahoiate inctliods of (btnn ding pli'sui- 
logic dead space ivould have to he discaided As pie^ioiisl} sfalid, tlie wiitois 
have chosen to use the normal values Eoi anatomic de.id laoided hj 

Fowler The values so obtained weie included iii the foimula, tidal \oIunie 
minus dead space times late equals aUeolai wntilatioii At low tidal \ulume 
values, Biiscoe, Poistei, and Comioc'^* ha\c shown that this foiniuhi is not 
strictly applicable because the luocmg eoUuiin of an in the tiailieolnonclual 
tiee mo\cs as a conical fioiit and theiefoie some aheolar \entilation oeems c\eu 
wlien tidal \oIumes arc less than tlie calculated dead spaec ITowecci tile 
estimated \allies so deteimimd aie moie induatne tip us ot thu 
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patient’s ventilation, than either tidal volvnne or minute ventilation values. Pig. 
3 illii.strate.s the mean alveolar ventilation values in the 2 groups previously 
compared. Again there is a significant difference in the two series. 

The spirograms of individual patients graphically demonstrate the inade¬ 
quacy of ventilation better than the values just discussed. There is considerable 
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MINUTES AFTER ANESTHESIA 


FJk-. 2.—Conipuri.son of tho relationahip between the moan values for minute ventilation 
in 11 thoracic .surgical i)atients wlio acquired acidosis in the postoperative period with 16 
wlio did not sliow this plienomcnon. In addition to the obvious depression of the acidotic 
patients, tlie trend toward improvement during the hour of observation should be noted. 
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b'iK' 3.—Conipurison of the mean values from the estimation of alveolar ventilation 
in tiio ‘i j^roups of patients compared in Figs. 1 and 2, and again showing an obvious diiter- 
ence, particularly in the first iri'minute period. 


individual varhitioii, as ivill be noted in Pigs. 4 and 5. Inadequate ventilation 
resulted from low tidal volume, decreased rate, or from gross irregularity with 
poi'iods of apnea as long as 25 to 30 seconds. 

Ilypoxia, although present in minimal degrees in several patients, was 
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largely prevented by the use of O. by nasal tube in the recovery room. Jlo«- 
ever, O 3 saturation dropped to levels as low as pur ceirt iit 2 patients nbo 
were receiving O 2 , irr these, the tidal values were at langcs fi-oiir 150 to 2.),) ee. 



Fiff 4—The total \alues obtained in Case 8, sliouing the ' 

and iopoxia rluiing^ the recovery room penoti 



Evaluation of the eifect of the use of the JLfferbon wnlilalor 
of 14 patients in wJioin it was useti, 7 fell into the .H’idotio 
nonacidotic group. These figures intheate that the method of v 


at 
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surgery had no effect on postoperative respiration. An incidental observation 
was that no patient in whom the Jeft’erson ventilator was used had marked 
acidosis at the end of surgery whereas there were 2 patients Avith pll levels of 



Fijj. G.—-The values obtained in Case 2, demonstrating' increased lovcis of pCOj and lowering 
of pH over a niiicli longer period, in comparison witli tlie 2 cases in Figs. •! and 5, 



MINUTES AFTER ANESTHESIA 


Fig. 7.—Values obtained in Case 25, tlie patient demonstrating the most marked devia¬ 
tion from normal vaiues of any patient in the entire group. She acqidred acidosis dm ing the 
operutive period; liowever, during the postanesthetic period, the i>COi levels arose to bU mni. 
Hg and tlie pH dropped to 7.02. 


7.20 or lower, Avho were ventilated manually. There appeared to be no correla 
tion betAveen the duration of the period of anesthesia and the incidence of re¬ 
spiratory depression. 
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Fie. 8.—Sample spirograms from 3 patients In the acjUotic group, showing g«noj ilh* Im- 
tidal volumes and gross irregularity in volume from bic.ith to b eaih (note Case 3^^) Tn 
Case 3, a more commonly occurring situation may be seen—shallOTv. rapM, regular re«Tiiritu'M 
In which the tidal volume gradually Increased during the hour of nbs.Tvation. 



: _ ,MINUTES_..AErER_ ANESXHESW 


PJ-, 9 .—Sample spirograms of 3 other patients In the acldotic group, 
the long periods of apnea occurring In Case 35. 
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Pigs. 4, 5, 6, and 7 arc graphic demonstrations of the total values in 5 
patients who were in the acidotic group. 

Pigs. 8, 9, and 10 are reproductions of the spirograms produced by 9 pa¬ 
tients who became acidotic during the recovery room period. 


DISCUSSION 


Obviously the data obtained in this .study are referable only to patients 
given one method of anesthesia by one group of anesthesiologists and therefore 
conclusions reached do not necessarily applj'- to all thoracic surgical patients. 
However, it would seem reasonable to assume that similar situations frecpieutly 
prevail, and particularly so in patients with disease states impairing pulmonary 
function. 
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Ca-se 10. 


Case 25. 


Case 2«. 


lUp. 10.—Sample spirograms of 3 other patients who became acidotic during the period of 
observation and sliowing' the low tidal volumes, particuUirly m Cases and -o. 


The causes of respiratory depression in the immediate postane.sthetic period 
are not easily separated or identified. It is possible that preanesthetic medica¬ 
tion still may be effective during this period. The anesthetic agents certainly 
do not terminate their effect immediately upon cessation of their administration. 
In the series of Hamilton and Devine,the greatest number of patients who were 
hypoventilating were those receiving nitrous oxide, Pcntothal, and rclaxants. 
A majority of the patients in this series were similarly anesthetized. However, 
this is not considered sufficient evidence to incriminate the agents used. Post¬ 
operative pain may be and probably is a factor; however, it was noted in this 
group of patients that as the hour of observation passed and pain appaientl} 
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incieased, ventilation inipioAed, also, that naicotics adniinistcied to iclnno pain 
did not improve \entiiation and occasionally appealed to impair it fuitliei 

It IS noted that lespiiatoo' depicssion in this senes was chicfli confined 
to those having chest opeiations One olmoiis diffeicnee in the two gioiips 
other than tlie surgical piocediiic, w'as the gieatei use of coiiti oiled lespiiation 
m those having thoiacic piocidines while the abdominal siiigical patients woie 
not lendeied apneic foi as pioloiiged peiiods as those with chest opeiations All 
anesthesiologists are familial with the fact that patients wlio liaio been in an 
apneic state icsinne noinial lespiiatioii giadualh and occasioiialli (piite slowlj 
IVhether or not this niechdiiism was still acting in the hist opciafne lioui was 
not deteiminable 

AVhatevci the cause oi causes ot lespiiatoii depicssion, the lesnltant CO, 
leteiition and acidosis aie consideied of sciious impoit eicii though they might 
occur onij' occasionally Hyiioicntilation m patients with pieopciatne icspiia- 
tory insufficiency, such as might be the ease with emphysema oi am otliei ad 
vanecd paienchjmal disease, might seiionsh affect the patient’s chances ot 
suivival 

Coitainlj, sufficient e\peiimoiifal and clinical imcstigations ha\e shown 
the lethal hazaid of livpeieapnca, paificiilailv when associated with eiin a 
tiiief peiiod of Inpoxia The fact that no patient in this sciies suffuid am 
appaient ill effect fioin the ahnoimal acid base halanco indicates agim tl 
often denionsfiated alnliti of the human oigainsm to withstand pin si li i 
tiauraa 

The piactieal application of this stiidj should he an sttempt at pKiintinii 
01 collection of hjpo\eiitilatioii To anesthesiologists tin idea of liaung tin 
patient lecovei fiom the effect of the anesthetic agents as soon as possihli atli i 
the teiniination of suigery IS not a new'one Ilowoiei despite the fact ill 1 1 h\ 
the end of the fiist 15 minute pciiod, e\ci\ patient ni this senes had leimeml 
sufficiently to obey simple eommaiids and leject a moutli aiiwat, the icspiiatnn 
function was still impaiied Refeiinig again to Table II, it will be noted that 
the ina]Oiity of the h.vpovcntilatoi v patients weie m the fiist half of the senes 
As the anesthesiologw' department giadualli beeame awaie of the purpose of 
the study, inoie strenuous efforts to effect moie complete and lapid luoseiv 
wcie made AVhether or not stimulating dings aie indicated for this pmposo 
is contioveisial 

It is well known that Inpoxia duinig Inpoientilatioii can he laigeh pie- 
veiited hv the use of osvgen In almost am method The if suits ot tins nnosti 
gation heal this out Despite the genci.il iceommendatioiis foi tin use of o\y- 
geii duiing anesthetic iceovcri, the lecoieii loom peisoiniel weie ficipientlv 
found to he caieless in its use, paiticnlaily if tile patient was awake not cj anotic, 
and in no appaient distiess No patient in the nitiie gionp g.ne ,niv elnncal 
indication of the almoimal plnsiologic statf Theie weie no tpisodfs of Inpo- 
tension, no aiilnthmias, and no ciaiiosis e\tept in one imlnidual wlio \omilcd 
and aspiiated mucus Theiefoie, the diagnosis oi usiinatoiy acidosis and 
hjpoMa IS not clinically feasible imlcss special app.ir.ilus foi moasuinig alveolar 
CDs and 0; satinatioii .uc aiailablc ITowcvei, Inpoumtilation cm be delected 
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once tlie recovery room personnel are cognizant of respiration in terms other than 
rate and cyanosis. Numerous devices are available whieh are capable of measur¬ 
ing tidal volume, one of which (a basal metabolism machine) is available in 
most hospitals. The nursing staff can be easily taught to measure tidal volumes 
and to realize that values under 350 c.c. or rates under 15 per minute require 
notification of the anesthesiologist or surgeon. 

Correction of hypoventilation may be accomplished most easily by assisted 
respiration which again may be administered by several means. Assistance with 
the bag of the anesthesia machine or the iise of intermittent positive pressure 
valves such as the Bennett are most practical. 

SUMM.VKV 

1. The respiration of 38 patients—30 having had thoracic operations and 
8 having had major abdominal opei'ation.s—has been studied by spirograms 
made at 15-minute intervals for 1 hour after discontinuance of anesthesia. Ar¬ 
terial blood samples were taken at the .same intervals and the 0^. saturation, 
pCO.! levels, and pH values determined. 

2. Fourteen of the 30 patients undergoing thoracic surgery were found 
to bo hypoventilating to a degree sufficient to lower pll by at least O.IO. The 
pCOa values were correspondingly elevated. 

3. Minimal to moderate degrees of hypoxia were also noted. Spirograms 
demonstrate hypoventilation and breathing irregularity. Possible mechanisms 
of respiratory depre.ssion are discassed. Emphasis on detection of hypoventila¬ 
tion and its correction by assisted respiration is sugge.sted. 

Tlic autliors gratefully aeknowloclgc the technical assistance of Mrs. M. E. Hutchin, 
Chief Biocheniist, and other ineinbors of the research laboratory and, also, the editorial 
a.ssistanee of Mrs. M. F. Jack, Clinical Tnve.stigation Center. 
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Discussion' 
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cardiac surgery caac^. T 
fore, no follow them Te- 
.iclnity. 

In the small grou^ 
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not adequate, and that 
them mth repeated teat' 
tnaelieoatomy is valuabh 
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Engstrom respirator uL 
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U ntil we can measure tr 
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the respirator and In? al 
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the poatoperative period 
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severe hypotension from licmorrlmgie siioek. The acidosis can l)e corrected witli increased 
ventilation or intravenous sodium bicarbonate, 3 to 8 Gm., after wliich tlio underlying 
cause of the acidosis can be treated. 

Like Dr. Crafoord, we have also come to increasing use of the re.spirator. It is par¬ 
ticularly useful in patients with severe cardiac failine, and we have had some of these 
patients in a respirator for 3 to 4 weeks until they made a complete recovery. 

DR. GEORGE If. A. CLOWES, .(r., Cleveland, Ohio.— 1 rise simply to emphasize the 
dangers of the acidosis described by Drs. Hood, Beal, and Gerbode. Uncoinpensated acidosis 
is a lethal affair if carried beyond a certain point. It renders the organism incapable of 
responding to superimposed stresses in tlie normal fashion. A series of experiments per¬ 
formed in our laboratory last winter by Mi.ss Mary A, Hiiglie-s, a medical .student, will serve 
to illustrate tliis. Acidosis wa.s induced in dogs by tlie infusion of hydrochloric acid intra- 
venou.sly. Little or nothing occurred to the circulation until tlie arterial pH fell below 
().9 when heart failure usually took place. However, at arterial pH values ranging from 
(i.O to 7.1, it was found that animals were (piitc Incapable of responding to blood loss. They 
entered a state resembling “irreversible” or norinovolemic shock from which they could only 
be recovered by the infusion of sodium bicarbonate. 

(slide) Dr. Hood has (hmionstrated acidosis to be an imim'diate postoperative aifair. 
The data from tlii.s patient, who happens to have had a circulatory bypa.ss and cardiotomy, 
will .serve to illu.strato the course of events following any major thoracotomy. During 
perfusion there was some accumulation of lactic acid with a fall in CO;. Two hours post- 
operatively the lactic acid had fallen and CO» was up slightly. Note that the following 
morning lactic acid was considerably elevated, probably due to the arterial oxygen desatura¬ 
tion (85 per cent) and a moderate impairinent of cardiac function. Yet CO. was low and 
the arterial pH normal. 

In our e.xperienco thi.s is common. But if one finds an uiieompensated acidosis with 
an accumulation of CO. as well as lactic acid, death will supervene shortly unless strenuous 
measures are taken to improve the respiration and the acid-base balance. 

DR. RALPH ADAMS, Wolfeboro, N. II.—T wish to testify to the enormous practical 
importance of this presentation by Dr. Hood. It is applicable to all cases, not only as a 
method of studj^, but also as a guide to therapy. First, consider those cases which are com¬ 
plex; no one needs to have his attention directed to acidosis or hypoxia as a x)ossibility in 
the complex case, such as a patient coming off the pump-oxygenator. But it is well to re¬ 
member simpler situations, such as that of a patient who lias a perforated ulcer closed sur¬ 
gically, and who is back in the ward 45 minutes after receiving his preanesthetic medication, 
because things went better than anticipated. His medication strikes him after he gets back 
and he does not breathe. Or the case of a patient being prepared for bronchoscopy, who 
has overreacted to the highly elfective combination of narcotic, sedative, and tranquilizer one 
is currently using, and then he does not breathe. These are examples of sim^dc cases; how¬ 
ever, death ensues just as surely as it does in complex ones. 

Second, one can recognize them as being close to trouble in a less complex way than 
by pH figures, fortunately. These are helpful and we like them, but one can watch the 
patient’s breathing; it does not take a highly educated person to do it. We have found 
that ward aides are very good at telling whether patients arc breathing or not. People 
generally are poor at recognizing cyanosis; if even suspected, our rule is to assume it to be 
present and to treat’ for it; Oximeters and Van Slyke analyzers will show scientifically what 
must be treated at onset, or even better, on suspicion. 

Third, there are,several ways by which one can assist the patient therapeutically. One 
need not be as seiei^bificJas is required in conducting e.xcellent laboratory studies such as those 
we have heard aboutHu this paper. Even the wmrd aide can help oftentimes those patients 
w'ho are slightly acidotic, who are semieonscions, but who generally can be persuaded to 
breathe. If they cannot be persuaded to breathe, they require assistance. One remembers 
artificial respiration, and the numerous good ways of applying it. A little chest wall assistance 
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for a few minutes often is all that is needed Then there is the demand \aUe, nui'*(^ can 
be taught to use this equipment as efficiently as the most higlih tzained plusician The fact 
that tUcic IS no nurse or ward aide on mj surgical wards who eannot use the demunl ^ live, 
as well as the cliicf suigeon, I think has saved a number of lives Demand valves irc not 
verj expensive and aic available in diileniig t^pes from sevcial manufacturer- Suction 
can be applied inteimittentl.v to the thoiaeic wall and it moves the wall Inriulc—Iv when 
there is the long need for assistance that is required In some postopeiative jiatniits before 
they breathe spontaneous!} in adequate volume The Emerson combination of ,i jilistic 
raincoat and vacuum cleaner is one txtremth simple and aUnost hizard free w iv of giving 
such assistance 

DR HOOD (Closmg)—I would like to thank the discii—eis for tlieir comimnts We 
certainly agree with Dr Clowes tint this is not n sliort term pioblcni The mgoiit} of our 
jjaticnts studied who were abnormal had little oi no iinprovinicnt in the fust postoperative 
hour This observation has been made before, paiticiiHrl} b} Bjork, who studied the le 
spiratoiy deficicnc} one to 2 davs following vaiioiis surgical procidures md found ihc 
o\}g(n satuiation still loweicd after this tinu \V« would also like to emph.isire tli it onlv 
in the larger hospitals and medical centers are tlure fai ilities for ainl}Zing CO or deter 
mining pH Wc would agree with Dr Adams that dcUctum of h}q)o\ciitiHtiou is i pru 
tical problem which even ichtivel} inexperienced pci-oninl cm be t night to accnmplish 
Numerous devices arc available which can be used to im i^ure tidal volume one ot tin si, 
a basal metabolism macluno, is prcseiit in most hospitils m<l can bo usid bv iiursis sn dus 
pcoblcnv can ccrtainlv be solved without rc-ortiiig to more compile ited appiratu- 

I would Ukc to tliank the A-sociation toi tiu oppoitumtv ot prcseuluig tins pip \ 
and paiticularl} Dr Gerbodo for his pci-onal uitcrist md encmirigcimiit 
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severe Jiypoteiisioii from hemorrliagic shock. The acidosis can i)e corrected witli increased 
ventilation or intravenous sodium hicarbonate, 3 to 8 Gni., after which tlie underlying 
cause of the acido.sis can be treated. 

Dike Di-. Crafoord, we have ahso come to increasing use of tin; respirator. It is par¬ 
ticularly useful in patients with severe cardiac failure, and we have laid some of these 
patients in a respirator for 3 to 4 weeks until tlicy made a complete recovery. 

DE. GEORGE II. A. CEO WES, dr., Cleveland, Ohio.—J rise simply to emph asize the 
dangers of the acidosis described by Dr.s. Hood, Beal, and Gerbode. Uncompensated acidosis 
is a lethal affair if carried beyond a certain point, it renders the organism incapable of 
responding to superimposed stresses in the normal fashion. A series of experiments per¬ 
formed in our laboratory last winter by !Mi.ss Mary A. Hughes, a medical student, will serve 
to illustrate this. Acidosis was induced in dogs by tlic infusion of hydrochloric acid intra¬ 
venously'. Little or nothing occurred to the eiiculation until the arterial pH fell below 
6.9 when heart failure usually took place. However, at arterial pH values ranging from 
6.9 to 7.1, it was found that animals were (piitc incapabh" of responding to blood loss. They 
entered a state resembling “irreversible” or normovolemic shock from which they could only 
be recovered by the infusion of sodium bicarbonate. 

(.slide) Dr. Hood has demonstrated acidosis to be an immediate postoperative affair. 
Tlie data from this patient, who happens to have had a circulatory l)ypass and cardiotoiny, 
will .serve to illastrato the cour.se of event.s following any major thoracotoniy. During 
perfusion there was some accumulation of lactic acid with a fall in CO,. Two hours post- 
operatively the lactic acid had fallen and CO, was up slightly. Note that the, following 
morning lactic acid was considerably elevated, probably due to the arterial oxygen desatura¬ 
tion (85 per cent) and a moderate impairment of cardiac function. Yet CO, was low and 
the arterial pH normal. 

In our e.vperionee this is common. But if one finds an uncompensated acidosis with 
an accumulation of CO, as well as lactic acid, death will supervene shortly unless strenuous 
measures are taken to improve the respiration and the acid-base balance. 

DE. RALPH AD.-VMS, Wolfeboro, N. H.—I wisli to testify to the enormous pnictical 
importance of this presentation by Dr. Hood. It is applicable to all cases, not only as a 
method of study, but also as a guide to therapy. First, consider those cases which are com¬ 
plex; no one needs to have his attention directed to acidosis or hypoxia as a possibility in 
the complex case, such as a patient coming olf the pump-oxygenator. But it is well to re¬ 
member simpler situations, such as that of a patient wJio has a perforated ulcer closed sur¬ 
gically, and who is back in the ward 45 minutes after receiving his preanesthetic medication, 
because things went better than anticipated. His medication strikes him after he gets back 
and he does not breathe. Or the case of a patient being prepared for bronchoscopy, who 
has overreacted to the highly effective combination of narcotic, sedative, and tranquilizer one 
is currently usmg, and then he does not breathe. These are examples of simple cases; how¬ 
ever, death ensues just as surely as it does in complex ones. 

Second, one can recognize them as being close to trouble in a less complex waj' than 
by pH figures, fortunately. These are helpful and we like them, but one can watch the 
patient’s breathing; it does not take a highly educated person to do it. We have found 
that ward aides are very good at telling whether patients arc breathing or not. People 
generally are poor at recognizing cyanosis; if even suspected, our rule is to assume it to be 
present and to treat’ for it; Oximeters and Van Slyke analyzers will show scientifically what 
must be treated at onset, or even better, on suspicion. 

Third, there are.;Several ways by which one can assist the patient therapeutically. One 
need not be as sciei^bific-'as is required in conducting e.xcellent laboratory studies such as those 
W'e have heard aboufin this paper. Even the wmrd aide can help oftentimes those patients 
who are slightly acidotic, who are semiconscious, but who generally can bo persuaded to 
breathe. If they cannot be persuaded to breathe, they require assistance. One remembers 
artificial respiration, and the numerous good ways of applying it. A little chest wall assistance 
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for ii fou minutes often is all that is needed Then there is tlie demaiul \al\e, nui*-c*s ciu 
be taught to use this equipment as efficiently as the most higlily trained pll^^lclan The fact 
tliat tlieio IS no iiur&e or uard aide on mj surgical wards wlio cannot u^c tlie deniaml calve, 
as well as the chief surgeon, I tliiiik has sa\cd a numbei of hve‘« Dcniand \alves are not 
\ery oNpensne and are a%aiKble m differing types from scieral maiiufatturers S>ui-tioii 
can be applied inteinutteiitlj to tlie thoracic wall and it nious the wall h.irmle'-sK when 
tliere is the long need for a'.sistance that is icqmred bt ‘'Onio postoperatue patients betore 
they breathe spontaneously in adequate lolume. The Emerson combination of a plistic 
raincoat and ^acuu^l ch'anei la one extremeh Muiple and ahm^t liazardfiie way of giiing 
such assistance. 

DE. HOOD (Closing)—I would like to thank the discus'-ers foi then eommmt'' We 
certainly agree with Dr Clowes that this is not a shoitterm pioblein. The ni.ijority ot our 
patients studied who weie abnormal had little 01 no inijiroiemcnt in the lirst poslopeiatiio 
hour. This obsenation has been made before, partieulatly by Bjurlc. ivho '<tuduil the u 
spiratoiy deficiency one to 13 days following ^allous ‘•urgmal prouduics and lotind tjie 
o\ygen ‘-aturation still lowered aftei this time ^\e would also like to empli isi/c tint only 
in the huger hospitals and medical centers aio theic fanlities for analyzing CO- nr dtt»r- 
luniiug pH. We would agieo with Dr Adams that dotation of hypoveutil ifjon i<s a pruc 
tical problem which e%en iclatuely mexpenenced pcisomwd cui be t wight to aaompbsh 
Numerous doiiets are aiailable which can be used to nioasiue tidal volume, one of 
a basal metabolism nncluno, is present m most hospitals and tan be used by mirsi s, so *his 
problem can certainly be sohctl without n'orling to more complicated ijiparatus 

I would like to thank the Assotiation for tin oi)poitunit\ ol proscntnig this piper, 
and particularly Dr Gcibodc for his person il inteust ami t nconr.igcnunt 
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C ARTILAGINOUS iieoplasins of the thorax are relatively common, nearly always 
grossly involve osseous structures (slcrninn, vertebra, or rib), and are most 
often malignant. O’Neal and Ackerman,^ m a review of the clinical and path¬ 
ologic aspects of these lesions, presented 96 cases including two chondrosarcomas 
which occurred in the posterior mediastinum causing rib destruction. In 1950, 
Weisel and Ross' described excision of a malignant cartilaginous tumor with 
hourglass involvement of the mediastinum and spinal canal. There was gross 
destruction of vertebral bodies, pedicles, and laminae, as well as rib heads. In 
1956, Riugertz and Lidholm^ reported one chondrosarcoma from a personal 
series of 155 mediastinal neoplasms and cysts. This Avas ])osterior in location, 
probably originating from a vertebral body, and recurred 2 years after excision. 
In 1956, Aronstam and his associates' descrilied excision of a chondrosarcoma 
from the posterior mediastinum in 2 cases in Avliieh origin from a vertebral body 
Avas demonstrated. In each of the 6 foregoing cases, including those of O’Neal 
and Ackerman, gro.ss destruction of cortical bone Avas demonstrated by x-ray 
studies or at operation. 

The occurrence of a circumscribed chondrosarcoma in the posterior medias¬ 
tinum Avithout demonstrable attachment to bone, although rare, is exemplified 
by the folloAving case. 

CASK REPORT 

P. E., a 2G-year-ol<l white liousewife,* was mimitted for evaluation of severe inter¬ 
scapular and left thoracic pain of 2 years’ duration. The only associated symptoms were 
insomnia and a 10-pound weight loss due to anorexia, both secondary to tlie pain. There was 
no history of previous injury, familial disorder, or significant illness. Tlie onset of pain 2 
years previously liad been gradual and intermittent, being located in the left interscapular area 
and more severe in the supine position. For about I year prior to admission it had been 
almost constantly present, tending to assume a radicular pattern on the left side, and had 
become progressively more intense, making her e.xistence almost intolerable. She had con¬ 
sulted numerous jdu’sicians liere and in Europe, and, in spite of quite elaborate studies, no 
organic lesion had been detected. One year prior to admission, x-ray studies of the chest 
at another hospital showed a definitely abnormal mediastinal sliadow, but these roentgenograms 
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had beeu luterpieted aa normal Films of the spint jnd i in\ eloj^ritii done at this time 
showed no abnormality Intercostal ner\c blocks and an cmpirnal cowr^o of \rvy thcrapv 
had given no relief, and she had been labded as p<?3Uioneurotic 

Plijsical examination at this adimssion showed no abiionn ilit-v except for 
dimmi'ihed breath sounds over the upper left postmor thorax There were no stigmita of 
neurofibromatosis, and careful skeletal and ntmologieal examinations were negative She did 
not appear acutelj or chrouicallj ill 



I-ig* 1—Koentffenocrani showing large circumscribe I <l«.nslti in nitdlastlnuni exhn]ln„ 
into left hemithorax Calcifications are iisible esptciallj nc ir the center V littril film 
confirmeil its posterior location 

Complete hematologic studies, blood chemical ^tudu-i, and unual^'^is wtrt within norm d 

lumtb 

Kountgeuognms of the chest (Fig 1) showed a largL, circumstnbod, irrttul ir d«u*-it\ 
tKtupMUg the posterior meUiistiuuni ind left piriicrtebral gutter and extending into tlu 
hft hemithorax just below the aortic arth I scattered calcific dtii>itKs wero Msibk 
witUm the mass Thuie w is no erosion of the «piiK lIuoro»LOp\ duaim»tnitul the nii^s 
to be nonpuls ituig 

Exploratory thoriLOtomy was performed on June 20, 195T, u-^iiig ikft literal ippro u h 
uicl fifth JTitcrsp ICO iiicisioa A solid, cirtum^^tribcd, bosstlatid tumor the sj/e of i sjn jJJ 
grapefruit Lay cxtraplcurally in the left vertebral gutter and posterior nie<liastinum It w is 
adjvc«.at to the sixth, seventh, and eighth xertebril bodies uid lorreaponding posterior 
and to the deNccnding aorta The lung, pulmonary hiliuii, vagus and plircnio nerves VNorc not 
involved Ihe mass was rattnr cumIj freid from the vl *■ tt remr cnosteum of 

bubjacent ribs with it The costal cortex was nowhere e n «iott ti^-uc 
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C ARTiLAGi^sOUS neoplasiiis of the thorax are relatively common, nearly always 
grosslj' involve osseous structures (sternum, vertebra, or rib), and are most 
often malignant. 0 'Neal and Ackerman,^ in a review of the clinical and path¬ 
ologic aspects of these lesions, presented 96 cases including two chondrosarcomas 
which occurred in the posterior mediastiniTm causing rib destruction. In 1950, 
Weisel and Ross- described excision of a malignant cartilaginous tumor with 
hourglass involvement of the mediastinum and spinal canal. There was gross 
destruction of vertebral bodies, pedicles, and laminae, as well as rib heads. In 
1956, Ringertz and Lidholm^ reported one chondrosarcoma from a personal 
series of 155 mediastinal neoplasms and cysts. This was posterior in location, 
probably originating from a vertebral body, and recurred 2 yeais after excision. 
In 1956, Aronstam and his associates* described excision of a chondrosarcoma 
from the posterior mediastinum in 2 cases in which origin from a vertebral body 
was demonstrated. In each of the 6 foregoing cases, including those o£ O’Neal 
and Ackerman, gross destruction of cortical bone Avas demonstrated by x-ray 
stiidies or at operation. 

The oceurrejiee of a circumscribed chondrosarcoma in the lAosterior incdias- 
tinum Avithout demonstrable attachment to bone, although rare, is exemplified 
by the folloAving ease. 


CASE KEPOKT 

P. E., a 26-year-old white liousewifc,* was admitted for ovaliiation of severe inter- 
seapular and left thoracic pain of 2 years’ duration. The only associated .symptoms were 
insomnia and a 10-pound weight loss due to anorexia, both secondary to the pain. There was 
no history of previous injury, familial disorder, or significant illne.ss. Tlio onset of pain 2 
years pieviously had been gradual and intermittent, being located in the left interseapular area 
and more severe in the supine position. For about 1 year prior to admission it had been 
almost constantly present, tending to assume a radicular pattern on the left side, and had 
become progressively more intense, making her existence almost intolerable. She had con¬ 
sulted numerous pliysicians here and in Europe, and, in spite of quite elaborate studies, no 
organic lesion had been detected. One year prior to admission, x-ray studies of the chest 
at another hospital showed a definitel}’ abnormal mediastinal shadow, but these roentgenograms 
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JFjg' -i—Photonucrograpli from ccnttal portion nelNdJfftrontlatvtl cartllagi.* *in f bi>n» < lid 

reduced U ) 



Fig. 6 —Photomicrograph from tumor showing transition zone. Note plcomorphism and 
irregularits' of arrangement of cellj. This chondrosarcotnatoiis pattern uas found prlntlpaUj 
beUveen central well-diffeientiated and peripheral undifferentiated <ircas. (XlOOt reduced >* ) 
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Fip 2—Cut Section of exeisecl tunioi showlnK nregular c.iltiflc aieus about the center 
sui rounded by chondros citonuitous tissue progressing to the smooth, Arm. highlj malignant 
"lound cell saiooma’ at the periphe'rj. 


■:;i4 


Fig 3 —Photomicrogiaph of peiipheral portion of tumor. Note highly undifferentiated and 

cellular tissue. (X200, leduced %•) 
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wiis not invaded. The mass was carefully sei)arated from the vertebral bodies and their 
cartilages, to none of which was it adherent, and removed intact. Immediate inspection of the 
tumor and examination of its bed indicated its apparent complete removal and there was no 
gross involvement of bone. Convale.scence was entirely uneventful, and the patient was dis- 
cliarged on tlie seventh postoperative day virtually free of pain. At this time, 14 months after 
operation, she is completely asymptomatic; physical examination is negative; spine and 
chest films are normal. 

Pathologic Findings .—Specimen consisted of a firm, coarsely nodular mass measuring 
0 by (j by fi cm. The greater portion of the tumor was encapsulated, but a crescentic rim 
on one surface was smooth and unencapsulated. The cut surface revealed a thick peripheral 
rim of firm pearly gray to pale yellow tissue and an irregular large central area composed 
of calcific and dense tissue (Fig. 2). Sections from the peripheiy of tlie tumor .showed a 
very cellular and poorly differentiated sai'coma, the histogenesis of which was difficult to iden¬ 
tify (Fig. 3). Large sections from the central area revealed an osteochondroma (Fig. 4); this 
was centrifugally succeeded bj’ a cliondrosarcomutous pattern (Fig. 5). This tumor in all 
probability consisted of an old osteochondroma in whieli the cartilage had undergone progres¬ 
sive transformation to maligimncy as a chondrosarcoma and more recently to a Iiighly im- 
diiferentiated sarcoma. 

SUVM.VRY 

A chouclrosai'coma of the posterioi’ mediastinum without demonstrable ori¬ 
gin from bone, consisting of both benign osteoeliondromatous tissue and highly 
undifferentiated round cell sarcoma is ]>resented. 

Extirpation resulted in complete relief of severe unc.xplained thoracic pain 
of 2 years’ duration, originally considered to be psyeiioneurotic in origin. 

We are indebted to Dr. Lent .Tohnson and his staff of the Armed Forces Institute of 
Pathology, Washington, D. C., for thorough study and confirmation of the patliologic nature 
of the neoplasm. 
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FACTORS INVOLVED IN THE RECOVERY OF A PATIENT 
AFTER PROLONGED VENTRICULAR FIBRILLATION 
DURING HYPOTHERMIA 

B. Maitmez, i\LD , hvhtg Kass, AI.D., md Murray S, Hoffmau. 

Al D Denver, Colo. 

V E^TRicuLVR fibiillatioii ib btill a fovmidable compHcation fjequently 
obsei'ved during caidiae suigeiy perfoimcd undex* liypothcrinia In spite 
of e\tensive luvestigatioix' little is known about either the etiology of \entxu'U' 
lar fibrillation or the pathoplo^siologic mechanisms occurring duiuig hjqiothermia 
Because cooling causes almost all tissues to become less irntalile. it is paiado\ 
ical that the heart becomes nioie irritable tinder the same clu‘umstauce^ 

The purpose of this repoit is to describe a case in wKieii unusua!i\ jno 
longed ventiicular fibiillation oceuned during the closure ol an mt ntm' 
septal defect under hypothciniia, and in which there was a icstjonuun a i 
mal sinus rhythm only after the body temperatiu e reachc d U V ( 

CISC RCPORT 

S K, a iO>earold wlwta girl, was admutotl to Vationil kwi':)) nospUT) m 
3, 1957 TliO third of four siblings, she was dohvered at t< rm aftPi m unoon {lioutc I 
pregnanej During routine e\amiiiation at the age of IS nionth^ the pitant was fouml 
to ha\o a cardiac murmur Dc\clopmunt was normal, but the p^tuui Jml hivn thin, 
underweight, easily fatigued, and had frequent respirator) illnesses She became slightl) 
cjaaotic on excitement or oxerexerlion 

Physical examination revealed no clubbing or edenn, and there waa no ejannsm at 
rest. Pulse rate waa S 8 per minute Xeck. veins were not distended The prccordiura was 
observed to bo slightly overactxve ihe point of maximum impulse was m the liftli mter- 
spaco at the midclaMcular line Tlio size of the heart was slightly increased on percus¬ 
sion. A right ventricular thrust was felt along tho left sternal border. A Grade 3, harsh, 
systolic murmur was heard along the left sternal border, loudest at the ''Ceoud loft inter 
space Tho murmur was well transmuted to tho left shoulder. Though ‘ipht during both 
inspiration and expiration, P 3 was of normal inten'<vt> Blood presauro in both arms was 
112/36 mm. Hg 

During fluoroscopy (Pig. 1) a marked increase in tho pulmouarj vascularity was 
observed Tho right ventnelo and the right atnum were enlarged. Jfain, right, and left 
pulmonary arteries were prominent and overlj active During a barium swallow, the left 
atnum appeared to be normal in size 
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The electrocardiogram (Fig. 2) revealed right ventricular hypertrophy ivith promi¬ 
nent E waves in right precordial leads and deep S waves in left precordial leads. The 
ventricular activation time in Lead V,„ measured O.Od second. 

Laboratory data: Urinalysis revealed the specific gravity to be 1.022, reaction 6 nega¬ 
tive for sugar albumin and acetone, with 3 to 5 white blood cells per high power field on 
microscopic examination. Fasting blood sugar was 92 mg. per cent, blood urea nitrogen nas 
13 mg. p»er cent. Total protein was 7.3 Gin. par cent with albumin/globulin rate of 5.1 to 
2.2. Alkaline phosifiiatase was 6.2 units, thymol turbidity 2 units, serum glutamic oxaloacetic 
transaminase 16 units. The ceplialin flocculation test was negative at 2-1 and -18 hours. Bili¬ 
rubin, 1 minute, was 0.15 mg. per cent. Hematocrit was 49 per cent; white blood count, 
10,000 cells per cubic millimeter with a differential of 66 per cent neutrophils and 34 per 
cent lymphocytes. The red cell sedimentation rate was 10 mm. in 60 minutes. 

On June 13, 1957, a rigid, heart cathetcri/.ation was performed. There was a significant 
elevation of the oxygen content of blood in the right atrium over blood in the superior vena 
cava. The elevation persi.sted throughout the right ventricle and pulmonary arteries. The 
right pulmonary artery saturation was 74.7 per cent. The oxygen saturation of blood in the 
brachial artery on exercise decreased to 79.6 per cent. At lest, the pulmonary artery pres¬ 
sure rose to 50/20 mm. Ilg, whereas the right ventricular pressure rose to 77/-1 mm. llg. 



Pig. 1.—Roentgenogram, prior to surgery, sliowecl prominent riglit atrium, main, rigid, ami 
left puimonary arteries, and increased iung vascularity. These are hallmarks of the secundum 
type atrial septal defect. 

The resting systemic flow was 5,400 c.c. per minute, with a cardiac index of 4.7 L. per minute 
per square meter of body surface. The resting pulmonary flow was 6,600 c.c. per minute, 
with a cardiac index of 5.7 L. per minute per square meter of body surface. The pulmonary 
flow rose to 11,000 per minute and the index to 9.5 L. per minute per square meter following 
exercise. Total pulmonary resistances weie 182 dynes per centimeter per second at rest and 
189 dynes per centimeter per second on exercise. The superior vena cava oxygen saturation 
was 64.7 per cent and the saturation of the right atrium at different levels was 73.0 per cent 
and 74.0 per cent. 

The catheterization data nere consistent with a left-to-right shunt at the level of the 
right atrium. The gradient existing between the level of the pulmonary artery and the sj's- 
tolic level of the right ventricle was believed to be secondary to the high pulmonary flow. 
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On June 28, 1957, under induced hjpotlicrmia of 30" C, inflow outflow occlusion, pio 
came infiltration of the sino auricular node, and coronarj' arterial perfusion of o\>g(nUed 
heparinized blood, a secundum t.^pe, 3 cm, interatrial septal defect was found and closed 

While closing the incision in the right atnum, a tear developed. This began at the 
lower aspect of the interatrial fissure and extended to the inferior \ona ca\a. There was a 
moderate blood loss and a dolaj in le establishing the temporarily occluded circulation. The 
time interval from total inflow outflow occlusion to release of the clamps was fl minutes, -45 
seconds The lectal tempei ituie during the period of inflow outflow occlusion was approxi 
niately 30® C 



Fig 2—KlectrocarUSoKrxiws before md -vfb r surgeri TUc tracings rc\cal right \entrlculur 
outflow tract h>pertroi)hy with no significant change after surgerj 


After the atnil bleeding had been controlled, the ^ontricks started to fibrillate (Fig. 
3). This fibrillation resisted eight attempts at electrical dclibrillation. On four occasions, 
2 cc of Adrenalin (1:10,000) were injected mto the pulmonary artery' without response 
During this period the heart was b.ithcd with warm “aliiie solution whnh was poured into 
the chest cavity. Circulation was mamtamed for 00 minutes by mtenmltent cardiac com¬ 
pression. Care was used to squeeze the lieart m the palm of the hantl at f app 

niately 80 per minute. After 60 minutes, when the esophageal tempor'i» 
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a transient iionnal sinus rhythm was observed. This was soon followed by atrial fibrillation 
Ihc aortic arch had been occluded for 1 hour and 18 minutes, during the period of ventricular 
fibrillation. 

Ihe chest was closed in layers, and the sternum was approximated with three inter¬ 
rupted sutures of No. 30 wire. A chest tube was inserted on each side posteriorly at the 
eighth interspace and a third on the right at the second interspace. At the time of closure 
of the incision, the patient's rectal temperature was 33.5° C. The patient had been ^^iven 
1,000 c.c. of blood intravenously and 1,000 c.c. had been injected into the ascending aorta 
for coronary arterial perfusion. 

During the first 36 postoperative hours, systemic hypotension was noted in the pa¬ 
tient, who was then treated with Levophed, Neo.synephrine, and blood. The urinary output 
during this time was only 300 c.c. The electrocardiogram 36 hours after surgery revealed 
an atrial flutter-fibrillation; the ventricular rate was 125 per minute. 



Fig. 3.—Lead II tracings taken during surgery revealed the development of ventricular fibrilla¬ 
tion (S) and Injury complexes following reversion to supraventricular rhythm (3 and .}). 

On the third postoperative day, the urinary output increased to 1,200 c.c. Blood 
urea nitrogen was 34 mg. per cent. The rhythm was still atrial flutter-fibrillation. On 
the fourth postoperative day, the patient’s general condition improved further. Urinary 
output was 1,400 c.c. Because the ventricular rate was rather high, 130 to 140 per minute, 
the patient was digitalized. On the seventh postoperative da}', a regular sinus rhythm 
wa.s established. At this time, the patient complained of tenderness of back and thigh 
muscles, and resisted straightening her legs. It was then observed that the deep tendon 
reflexes ivere absent in the legs and sluggish in the upper extremities. Abdominal reflexes 
could not be elicited. Her mental status was normal, and the results of neurological examina¬ 
tion were otherwise within normal limits. Spinal fluid pressure was normal; only three 
lymphocytes were present per cubic centimeter; chloride was IIS mEq./L., protein 30 mg. 
per cent, glucose 58 mg. per cent, and serum glutamic oxaloacetic transaminase 13 units. 
It was believed that the patient had an injury to the anterior horn cells of the spinal cord. 
Complete muscle testing revealed weakness of scattered muscle groups in the back. Ex¬ 
tensor and hamstring muscles of the legs were particularly tight. Straight leg raising 
was limited to 20 degrees. 
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DISCUSSION 

Our observations in this case emphasize tluit ventricular fibrillation can 
last for an hour or more with subsequent complete recovery of the patient. 
Owens- described recovery following ventricular fibrillation which lasted 86 
minutes during a normothermic operation. Ttusfeldt and Seeher^ have reported 
3 eases of ventricular fibrillation lasting 114, 108, and 50 minutes during hypo¬ 
thermic surgeiy. (One ease of interatrial septal defect and 2 eases of isolated 
jnilmonic stenosis.) Complete recovery was observed in 2 cases and recovery 
with residual brain damage in the other. 

The neurological changes observed in this ease were undoubtedly the se¬ 
quelae of spinal cord damage secondary to cro.ss-clam])ing of the aorta for 78 
minutes. At the present time, there is little information regarding the tolerance 
of the spinal cord to ano.xia. Tolerance is greater in hypothermia, but the 
available data are equivocal, with estimates ranging from 30 minutes to 2 
hours. *• ^ In our ease, the cross-clamping of the aorta was maintained in order 
to divert blood to the liraiu during the critical period of ventricular fibrillation 
and intermittent cardiac compression. The severe oliguria observed during 
the first 24 hours after surgery ma}'’ have been a consequence either of the 
patient’s shocklike state or of renal ischemia. It seems likely that the coronary 
and carotid perfusion with oxygenated blood during the period of total cir¬ 
culatory occlu.sion, followed by aortic occlusion during the period of ven¬ 
tricular fibrillation, were factors in preventing heart and brain damage.^ 

The e.xtent of myocardial damage in this case was difficult to estimate. 
Transitory but reversible changes were observed in the electrocardiogram. 
Damage could have been a consequence of ano.xia, or perhaps secondary to 
cardiac compression. It is known that there is a wide range of pathologic 
alterations in the heart following cardiac compre.ssion and that these changes 
may involve any or all of the cardiac tissues. The vascular structures within 
the myocardium and pericardium are most vulnerable, and usually there is a 
hemorrhagic extravasation of blood. Gross laceration and even pei'foration of 
the myocardium are not infrequent. It should be re-emphasized that the ino.st 
important factor in avoiding such complications is the skill with which inter¬ 
mittent cardiac compression is performed.^ Care must be exercised that one 
applies pressure with the palm of the hand instead of the fingers. 

At present, the iueideuce of ventricular fibrillation is reasonably low dur¬ 
ing operations involving the atrial wall or pulmonary artery." Cutting of the 
ventricle increases the incidence of ventricular fibrillation. However, as this 
ease emphasizes, ventricular fibrillation can occur in cases in which the ventri¬ 
cles are not ineised. When fibrillation does occur during hypothermia, its 
control is more difficult than during normothermia. There is general agreement 
that the temperature level should not drop below 28° to 30° C. Temperatures 
below this are attended by prohibitive incidence of ventricular fibrillation. Cer¬ 
tain rather obvious, although at times forgotten, technical errors, such as an 
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inai-ouiatc theiiiiometer hlioulcl be studiomlj .noukd 'When fibnllatnin (bus 
oecui, le-i^aiming of the heait is nsiiallt iieccssaij befoie electiic shock \m 11 
peimanently leieit the ihi thm to one of supiaiontiiculai ougin 

Theie is no unifoiin opinion coneeinnig the lapiditt of coolinu; The 
lapiditv \aiies aecoidin!; to the method used (siufaLC cooling oi extiacorpoieal 
technique) but in a medium sized adult a fill in tempeiatnu of 1° C each G 
to H minutes seems to be adcisablc and this appioaeh nas applied in this case 

It has been shown® that smo aiiiieulai blockage with Piocaino is eftcetue in 
pieventing sentiiculai fibiillation in cooled dogs Tins piocediue was emploicd 
in oui case Theie aie not enough data aaailable to establish the laliditi oi 
this pioceduie Also, leeoinineiidcd, although not ustd in this ease is the <id 
ministiation of Piostigiinn with eoronait peifusioii® Because Piostigiiiiu is a 
cholinesteiase iiihibitoi, it is assumed that its aiitifibiillaton action is sccondan 
to in accuiiuilation of acetjleholiue A luait aiicsfed b> acettlcholiiic has been 
supposed to be less susceptible to subsequent Inpotlieiinie seutiiculai fibiillatiun 

Some authoiities believe that infusions ot desttose, ammo acids oi fat iiitia 
\onousl\, liefoie and duiing hvpotheimia, leducc the incidence of fibiillation 
It IS not luiown whelliei tnese solutions act in alteiatioiis in the ion piitition 
01 by pioiiding iiioie nutiient to the bcait Destiose was admiiiisti icd uiti i 
veiiously piioi to suigeii in tins patient 

Caieful eleetioeaidiogiam iiionitoiing mav be of lahic in dctccling imiHi 1 
mg disastei Loss of P waics, wandeiiug paceinakei si w nte piolonged Q I 
iiiteiial, and low loltago T waies arc common and to 1 espected Ilowdci 
marked piolongation of the QRS complexes with seicie's 7 scgniciit dcpiissioii 
heiald veiitiiculai fibiillation and demand iiiiiiiediate icsition ol the hijo 
theimia and warming of the patient It is iiiteicstmg tint in this patient tin 
lentiiculai fibiillation occuiicd suddenh without am clcitioi udiogiaphn signs 
ot wainiiig 

SUXIMARX 

A case in which piolonged \entiiciilai fibrillation occiiind lollownig the 
elosuie of a secundum tspe mtciatiial septal detect nndei Inpothciiiiii and 
coionait aiteiial peifusioii is icpoitcd The xcntricuhii aiilntlmin listed 00 
iniiiutes, followed be lecoveii ot the patient xVoitic occlusion <ibo\o the left 
subclaxian aiteis was inamtaincil ioi 78 inimitcs in oidei to dueit the blood 
flow to the biam and the heait The oiih obserxed neiuologml sequelae in this 
ease weie attiibutcd to spinal cold isihcmia icsiiltiiig iioni piolongcd otelnsion 
ot the aoita Coionan and caiotid aitciial peifusion coiiihmed with eioss 
clamping of the aoita no doubt lessened the extent ol brim and imocaidial 
damage m this case The xeiitiiculai fibiillation lexeited to noiniil sinus 
ihjthill attei lepeated electiic shoiks when the hcait was wanned to 115“ t’ 
Such iceoxeix aftei piolongcd \ciitiiculai fibiillation should ein oitragc siiigcoiis 
to pcibibt zealousU in attuupts to dehbiillatc 
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The authors are indebted to George C. Ilcitzman, M.D., presently of Syracuse, N. Y., 
and Charles V. Demong, M.D., of Denver, Colo., who x^erformed the surgery in the case. 
Golfredo Gensini, M.D., Chief of Cardiopulmonary Physiology at National Jewish Hospital, 
performed the catheterization of this x)atieut. Baruch Broinberger-Barnea, Ph.D., Depart¬ 
ment of Eesearch and Laboratories, kindly reviewed tlie manuscript of this report and offered 
many valuable suggestions. 
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Erratum 

In the September issue of the Jouk.xal, on page 325, Dr. Irving A Sarot’s discussion 
of the three preceding papers was wrongly attributed to Dr. Irving A. Short. We regret 
exceedingly the misspelling of Dr. Sarot’s name. 



Annoimcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 
Notice of Annual Meeting; 

The Thiity ninth Animal Meeting of the Ameiiciii Ab-sociation foi Tlio 
laeie Suigeiy ivill be held Apiil 21, 22, and 2 j ]9o9 m Los Angeles, Cah 
foima Headquaiteis will be the Hotel Statler 

Requests for Hotel Reservations 

Those should be mailed diiceth to Mi 'William Tiuiiiaii Risenatioii 
Maiiagei, Hotel Statlei, Los Angeles, California Please mention this Assnua 
tioii, the type of aeeoiiimodation desiicd, the date, and appio\imiti in ui d 
aiinal and depaitiue If accommodations nic desiied elsoMliire m 1 
Angeles, please eommumoate diicetly vith the hotel of loui choiei 

Material for the Program 

SciENTinc Pipers —^Abstiacts of all papeis piojiosed foi pieseiititi n i( 
the 1959 meeting must bo received on or befoic Noiemhci 15, 1958, otln i 
wise they will not be cousideied bj the Piogiani Committei, These shouM In 
labeled “Foi Thoiaeic Suigeiy roinin” or “For Regulai Piogiam depending 
upon the natuie of the subject mattei, in the same maiinei as m picMous leais 
They should contain from 200 to 250 noids that accuiateli letlect the content ot 
the completed papei 

Six, 1 epeat, six clcaily legible copies of each abstract must bo sent to Miss 
Ada Ilanvey, Adinnnstrati'vo aVssistant, The Ameiicaii Association foi Thoiacic 
Surgeiy, Suite 308, Caiondelet Building, 7730 Caioiidelct Avtiuie, St Louis 5, 
Missouii 

Essayists selected for the piogiam aic lemnided that jiapeis piescntcd at 
the meeting must be handed to the secietaiy immediately after then piescnta- 
tion If thej aie not leady at that time theie is a chance that thej Mill not bo 
published in Tiif Journil or Thobvcic Suroliiv 

Motion Picture Session —Plans aic again being made to show suitable 
motion pictuies selected on a competitive basis The films thcmschcs, togethci 
with desciiptive material conecining length of piesentation, etc, must be re¬ 
ceived b> Di John C Jones, Suite 509, 1136 AVest Sixth Stieet, Los Angeles 17, 
Califoima, before Novembei 15,1958 
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Applications for Membership 

Applications for Associate Membership in the Association must be re¬ 
ceived by the Membership Committee not later than November 15, 1958, 
otherwise the application will be deterred for consideration until the 1960 
meeting. 

Applicants must be sponsored by three Active or Senior Memljcrs of the 
Association. In addition to the signature on the application form, the sponsors 
will forward a sejmrate letter concerning the applicant directly to; 

Dr. Duane Carr 

Chairman of the Memljcrshi]) Committee 
899 Madison Avenue 
jMemphis 3, Tennessee 

Sponsors are reminded that new letters of recommendation must be for- 
. warded to the Chairman ot the IMembership Committee .should their applicants 
* be held^over for reconsideration a second year. 
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Original Communications 


THE SURGICAL CORRECTION OF CALCIFIC AORTIC 
STENOSIS IN ADULTS 

Results m the First 100 Consecutive Transaortic Valvuloplasties 

Dwight E Harken, MD, Han ison Black, M D Wanen] Ta)loi MD 
(b) invitation), Wendell B Thiowei, MD (by invitation), and 
HaiiyS Soroff, AID (b) invitation), Boston, Mass 

INTRODUCTION 

T hr evolution of the suigieal collection of doitic stenosis tioiii tlic iin 
likely adientuie of TiiffieC to the picsciit day Ins been docuinentcd tVe 
can lefei to the woik of onlj a few indniduals 11110 , iwth then associates, 
have eontiibuted substantially The hfe cycle ot the disease has been studied 
by Levine,- Ellis,^ White,* and Nadas' The pathologic patterns haie been le 
Slewed in staiidaid tevtliooks and bj Edwaids and JlcMillaii Techniques 
of suigieal access have been iiiipiovised by Glenn* and Siiaiin, AV IC“ The 
tiaiisieiitiiculai valvulotome opeiatioiis have been tiiid ividelj and viitli 
vaiying success by Block,** Bailey,*" Glovei,** Aliillei,** and Aleicndino *- 
Open opeiatioiis iiudci Iiypothci 1111 a have been used bj Lems,**' Swan, II,*' 
and Moiiow*® Othei pioecduies using caidiac bjpass have been desciibcd 
by Lillehei and Vaico,*’ Coolej,’" Clowes,** and EIII 01 ** Closed tiansaoitic 

iToin the Departments of Surperj of tlie HanarJ "NIc Heal School at the PeUr Bent 
Brigham Hospital and the Thoracic Ser\icc of tl»e Mount Vuburn HospU »I 

This study was supported in part by Grant H-4J9 of the Natlonil Heart Institute 
United States Public Health Sor\lce 

Real at the Thirty eighth of The Vmcricin Vssoclation for Thoracic 

Surgery at Boston ISIass Ma> 16 18 lOaS 
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techniques with digital control have been advocated by Bailey,^^ Swann,® and 
by us.®‘-®® Many are currently investigating prosthetic valve replacement as 
exemplified by the work of Sarnofi',®’’ Hufnagel,®® and Bush.®® 

What one cannot read in these discussions is the discouraging experience, 
largely unpublished, and available only through personal communications. 
This has led some eardiologists and surgeons to one of a variety of reactions: 
first, to conclude that the pathologic nature of aortic stenosis precludes a 
reasonable surgical attack until valve replacement is possible; second, that 
patients should be operated in an earlier phase of the disease or even before 
there is calcification of the cusps (this ignores the fact that many patients 
are not even known to have heart disease until after calcification occurs or 
that many patients Yuth calcific aortic stenosis never become symptomatic); 
third, that surgeons should reject the patient in failure or those in the late 
phases of the life cycle of the disease. This interest in improving the statis¬ 
tical results of surgery is cold comfort to the physician already alarmed by a 
disease often suddenly fatal. He may be obliged to choose, with too little 
counsel, between the anonymity of the error of omission in “following” pa¬ 
tients and the indictment of participating in commission should the patient 
die at surgery. 

This complicated problem has been compounded by grouping all ausculta¬ 
tory evidence of obstructions in the aortic valve together, be they congenital, 
rheitmatic or arteriosclerotic, calcific or noncalcifie, young or old, compensated 
or in failure. In this kaleidoscope of variations in the disease elear definitions 
are needed in order to xxnderstand what facet is being discussed or treated. 

PATHOLOGIC PATTERN'S AND SURGICAL TECHNIQUES 

In order to understand aortic stenosis the surgeon must study pathologic 
patterns and evaluate surgical techniques in the autopsy room. The “memory” 
provided by colored motion pictures is invaluable and in dramatic contrast to 
a study of formalinized specimens. AYe have extended this method by using 
the McMillan pulsator for observing normal and abnormal valves under life¬ 
like hydraulic conditions. Furthermore, the pulsator afilords an opportunity 
to practice various surgical techniques and to evaluate the degree of restora¬ 
tion. Such observations combined with our clinical experience with trans- 
venti’icular operations led us to abandon the blind valvulotome procedure in 
1954. 

AVhile our dissatisfaction witli the transventricular operation grew, it 
was observed in autopsy specimens that calcific aortic stenosis was often most 
effectively mobilized by digital maneuvers, not necessarily controlled by direct 
vision. This experience and that of Bailey®®’ ®® and Swann®' led to the 
development of this transaortic operation. Conversely, when the valve was 
flexible, elastic and noncalcifie, finger dissection was often unsatisfactory and 
manipulation under direct vision was helpful. 

The standard pathologic patterns of calcific aortic stenosis are demon¬ 
strated in Fig. 1. 
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SELECTION OF THE PATIENT 


The selection of the patients in this senes for operation lias boon prey 
ously considered.'". The indieations appear in Table I. In addition tn tl, 
usual triad of angina, syncope, or left veiitrieular failure, aurieular brillnti 
IS considered an ominous finding because of the known rapid deterioratioi ” 
patients with aortic stenosis once this inefficient rhythm becomes establislie*^ 
The diagnosis of aortic stenosis is established by the presence of a diamoi *1 
shaped aortic murmur, calcification of the aortic valve on fluoroscopy aii't 
left ventricular hypertrophy by electrocardiogram. Wc consider frequein 



episodes of angina or >;■ 
disease. Left ventrica.'ir 
fibrillation, is an enn 
presence of failure irf "■ 
a terminal phcmar : ■ 

In a series ^f.'-’ 
but ivho dill a r • '' 
It is agains: :!.> -' 
presented 5 T-f' ' "" ^ 



nn. 



762 


HAEKEN, BLACK, TAYLOE, THEOWEE, SOEOEE J.-ihor.dc Surg. 

December, 1958 

Age has not been a deterrent to operation, since 38 of these patients 
were between 51 and 66 years of age. The majority (72) were males in con¬ 
trast to the findings in patients with mitral stenosis. 

Calcification of the aortic valve was present in 70 of the 71 males and in 20 
of the 29 females. The one male without calcificatioti (No. 75, M. S.) Avas found 
at operation to have dominant mitral insufficiency. Aortic stenosis, although 
present, Avas minimal. Hence, this experience suggests that hemodynaraically 
significant aortic steno.sis in males rarely occurs in the absence of aortic valve 
calcification. Of the 9 Avomen without calcification, only one (No. 81, G. D.) had 
isolated aortic disease. I’he remaining S had varying degrees of associated 
mitral disease. 

"We liaAm not eliminated any patient because of advanced congestive 
failure. Others had manifested .significant and progressive dyspnea (Table I). 


Table T. Ti!.\.NSAOimc Valvuloplasties (100 Cases)* 



Piai- 

CEXTAGE 

OPERA- 



FOLLOAV- 

UP LESS 


IMPROVEMENT 


PREOPEKATIVE 

STATUS 

OP 

PATIEXTS 

TIVE 

DEATHS 



THAX 6 
MONTHS 

SLIGHTLY 

StODER- 

ATE 



Dyspnea (1)— 
mild to moder¬ 
ately severe, 
little or no an¬ 
gina or syncope 

37 

2 

1 

2 

15 

1 

6 

10 

17 

Dyspnea (2)— 
moderate to se¬ 
vere angina but 
little or no syn¬ 
cope 

22 

0 

3 

1 

0 

0 

3 

10 

13 

Dyspnea (3)— 
usually severe 
with angina and 
syncope 

0 

1 

0 

0 

3 

0 

0 

1 

1 

Congestive heart 
failure—admis¬ 
sion or recent 
past 

24 

7 

d 

3 

3 

1 

4 

1 

G 

Angina—little or 
no dyspnea or 
syncope 

6 

0 

1 

1 

1 

0 

1 

♦> 

3 

Syncope—little or 
no dyspnea or 
angina 

G 

1 

2 

0 

0 

0 

O 

1 

3 

Totals 

100% 

16 

12 

7 

22 

2 

16 

25 

43 


♦Preoperative and postoperative clinical status followlns aortic valvuloplasty as determined 
by Dr. Laurence B. Ellis (supported by National Heart Institute, Grant H-142). 


SELECTION OF THE OPERATION 

The general clinical CAmluation of these iiatients is discussed else- 
Avhere.-®’ Ellis and eo-AVorkers^ have given additional specificity through 
their retrospective study of the significance of angina, syncope, failure, and 
fibrillation. Their emphasis on the importance of failure, even in the form of 
dyspnea, and of the ominous significance of auricular fibrillation are important 
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additions to the tiimkmg in this field Piogicssnc dyspue.i, 

tieatment, has come to be lecogni/cd as an nigciit ^vauuug that the patient 

IS enteiing a late phase of the disease 

An impoitant adiunct to the inuleistanding of the pathologic patterns and 
laiied clinioal phases has been the obsenation of the patient at tluoioscopr 
Bi this technique it is possible to make some estimate of left eeiitiiciilai size 
and activity, of aoitic aieh size and actnity, and thoieby a diffcicntiation 
between stenosis and leguigitation Calcification is best identified by this 
technique and usually a diffeientiation of bicuspid, tiiciispid, oi punctate 
toims call be established, as well as the mobility of specific cusps The incieas 
iiig aiailability of imago mtensifieis should inciease the impoitaiicc of this 
pieopeiatiic assessment 

Ill the absence of a suitable piosthcsis foi lahe leiilacemciit a choice must 
be made on the basis of aiailable cxpciicnee and autopsy cvaminatioii of the 
best alteinatisc opeiation foi i iiious types of aoitic stenosis We have not 


had the peisonal e\penenee iiitli iioiicaleifie congenital aoitic stenosis 
111 ehildieii ivliieh iiould poimit the selection ot the optimal tecliiiique Tians 
iciitiiciilai dilatation, honciei, would not seem to be definitne, and the aoita 
IS too small foi the appiieation ot in opeiafing tunnel and foi digital manipuhi 
tioii Hole, just as in congenital pulmonic stenosis, diieet vision \al\uloplasty 
seems logical The size of the aoita and textnic of the laho both faioi open 
operation 

Oiii stiong piefoionce foi the tiansaoitic opeiation foi aoitio stenosis 
IS based on the iinsatisfactoiy lesults th it followed oui initial effoits with the 
tiansientnculai appioach Of 23 patients opciated on by this route 10 oi 43 
pel cent wcic listed as opeiatue iiioitalities and 10 ha\o subsequently died 
The concept that “selective insufficiency” could be borne by the hypei- 
tiophied left lentiicle is now known to be ciioneous In 9 leoent patients 
with combined aoitic and initial stenosis, we were lined back to the 
simple! transventiioulai pioccduic comhnicd with nutial \aliuloplasty by' the 
aiailabihty of impioved aoitic dilatois the cncounging icpoits of Bioek, 
Olovei, and lliillei, and the limitations of the tiansaoitic opeiation The pio 
eeduie, although simple to peifoim, has again piodiiced discouiaging lesults 
Theie were four opeiatne deaths and one late death The inability to assess 
diieetly what is being done to the lahe iciidcis this a pool appioach It is 
also piobable that operative aoitie icguigitatioii is moie likely to occiu 
This small additional evpenoiicc fuitlici substantiates our conviction that tlio 
tiansaoitic loiite is vastly supenoi and we now find little place foi tiansven 
tiiciilai pioeediucs 


rolloiving these imsatisfaetoiy expeiiciices, we turned to the tiansaoitic 
appioach with the impoitant addition of an opeiating tiuinel of Iialon® do 
signed by Di Hugh E Wilson, a foimei associate This senes consists of 100 
adult patients with seveie aortie stenosis, hcaiiiy calcified in 90 These 
patients suffeied vauous degiees of congestive failuie (Table I) It js hoped 
that a compaiason of the lesults of this study with that of othcis omplovin.' 
othei t ociiniqiics in stimlai patients will indicate the most leliablo proceduie" 



764 


IIABKEN-, BLACK, TAYLOB, Til BO WEB, SOBOEE 


J Thoracic Sur^j 
December, 1958 


In dealing- with combinetl mitral and aortic stenosis, the sternal splitting 
incision allows adequate approach to both valves. Nineteen patients in the 
present series have had the mitral valve explored at transaortic valvuloplasty. 
In 14, significant stenosis was corrected in this valve as well. The overall 
operative mortality rate for this combined oiieration comiiares favoi-ably with 
that for the aortic procedure alone (10.5 and 17.3 per cent respectively). It is 
interesting to note that combined aortic and mitral stenosis was present in 
53.5 per cent of the women in this series as contrasted with only 9.7 per cent 
of the men. 



Fiff. 2.—Technique of transaortic val\ uloplasty—incision and exposure. Insert —Mid-lme 
sternotomy. Cuned Atraug-rip clamp e-^cludes a. segment of ascending aorta Rubbei dam 
drains about right innominate and left common carotid arteries. 

OPERATIVE TECIiyUiUE 

The operation employed is a transaortic digital maniimlation of the valve 
employing an Ivalon sponge operating tunnel, as described and illustrated in 
detail elsewhere.-® 

The sternal splitting incision is important. It is well tolerated by seriously 
ill patients since they are operated upon in the dorsal decubitus position, allow- 
tiirr tiin nion'i’o! cnoiaoc fn npinoin witb botli lunas available for ventilation 
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(Fig. 2). Ill addition, the placement of the aortotoniy site on the anterior and 
most accessible portion of the ascending aorta permits support of the suture 
line by the roapproximated sternum. In none of these was a postoperative 
aneui’ysm observed, in sharp contrast to the 2 in whom a light lateral approach 
was used. One of the latter died from an aneurysm at the aoitotomy site, and, 
in the other, limited exposure lesulted in an unsatisfactory manipulation. 



Fig-. 3—Technique of transaortlc valvuloplasty. Ixalon tunnel sutured to aortotoniy. Opera¬ 
tor’s flngcr in aorta above valve. 


The Ivalon tunnel is an essential feature of this operation. In the first 28 
procedures, the operative as well as late results were unfavorably influenced 
by the use of other materials in making the tunnels (Fig. 3). Rubber, peri¬ 
cardial, plastic, and cloth tunnels seem much less attractive. The sponge 
tunnel can be sewed in place easily and ivith excellent hemostasis. The 
maneuvers need not be huiTied, as they invariably are when an alarming 
amount of blood loss occurs at the tunnel anastomosis. The patient’s blood 
pressure and coronary perfusion can recover between manipulations. In this 
series, intra-aortio manipulation has varied from 10 to 45 minutes. There are 
conspicuous limitations to any technique that attempts to convert these calcific 
masses into effective flutter valves ivith maximal reduction of resistance to 
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fonvard flow and minimal iDroduction of regurgitation. The ability to assess 
deliberately leaflet activation by the ventricle is a striking advantage of this 
technique over transventricular and open operations. Another advantage of 
this tunnel exploration is the facility with which the stenotic orifice may be 
located. In the extensively calcific valve of punctate form there may be con¬ 
siderable difficulty in locating the orifice mider direct vision when there is little 
flow. The visibility is only relative and any pit containing blood looks like an 
orifice. Contrariwise, palpation of the jet issuing from the orifice during 
tunnel exploration permits prompt location. 

More effective mobilization of leaflets has been possible since we have 
learned to insinuate the fingernail, then the bare finger under the broadest 
zone of fusion at a hinge zone. The finger can then find the opposing fused 
commissure and fracture from the smooth underside by lifting upward. 


OPERATIVE AND LATE DEATHS 


O 72 Survivofs 

• Inoperative 
Deaths 

® 12 Late Deaths 


CASES 

1-20 •%—m—®®oooooocoooo 

21-40 ••••®( x )®®®®0000000000 

41-60 •®®CXXX)OOC)00(DOOOOOOO 
6'-BO ••©CXXXXXDOOOOOOOCXDOO 
81-100 ••(EOOOOOOOOOOOOOOOOO 


Fig. 4.—Operative and late deaths. Note reduction of operative mortality to 5 patients in 

last 60. 


Once a fracture has started, gentle mauiptilation widens and stretches the 
commissure at the annulus until maximal mobilization of the cusps has been 
provided. Palpation will reveal the degree of mobilization that the left ventri¬ 
cle can effect in the cusps. It may be of no value to force the finger through 
an orifice and then assume that the effective valve area has become finger size. 
The ventricle may be totally incapable of i^roducing a similar orifice. With 
mobilization, the leaflets may close more effectively as well as open more 
readilj'", thus reducing regurgitation as well as stenosis. Overeorrection, the 
hete noire of the field, seems more of a hazard in open surgery. 

This closed techniqLie also permits accurate timing of head vessel occlusion 
pi’ovent embolization. The first operation in this series resulted in the death 
of the patient from multiple calcific emboli. Head vessel occlusion for 10 to 20 
seconds after each manipiTlation, when particles might be dislodged, has elimi¬ 
nated the problem of embolization. 


OPERATIVE DEATHS 

There were 16 deaths in this series of 100 transaortie operations. The 
operative mortality in the early portion of the series was high (7 of the fiist 20) 
(Fig. 4). In the last 60 patients there have been but 5 deaths (8 per cent). 
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Opeiatue moitality iigiues aifoid onh the uudest basis foi judging a pioceduie 
but the cull cut luoitaiitj late of 8 per cent compaies most tavoiably with that 
of tlie open pioeeduies Theic lias been no sigmhcant dififei elite in the opeiatii e 
moitaliti lates between the tuo sexes 

Foul deaths ueie due to tlie pioduction ot aoitic insuffleiencj Two otbeis 
ocuuicd in patients with pieopeiatue aoitic insufificienct and seieie eon 
gestne iailuie Technical faults wcic lesponsible toi thiee deatlis (calcifle 
emboli, postopeiative hemoiihage, and teai of the base ot the aoita) One otliei 
patient died on the table fiom taidiac aiiest 

Acute aiiliithmias leading to \entiiculai hbiillation at 12 houis, 21 liouis, 
and 3 tseeks aftci opeiation oceuiicd in 3 additional patients The icmaining 
3 deaths wcie not diieetli jelated to the suigical pioceduie (aspiiation of 
lomitus, Inei failuie seeondaiy to congestne failuie, and hemorihage fiom a 
peptic iilcei) but thei do leflect the adxanced natuie of the disease 



Fig 5—Percentage of Iniproitinent following opeiation In 50 patients followel more than 

6 months 

10LL0^\ UP ST4TUS 

Among the 100 patients in this senes, 81 suivived the opCxatioii Late 
death has otcuiied m 12 fiom 1 to 31 months aftei siugeiy (axeiage 119 
months) Congestive hoait faihue was the picdommaut cause in 6 of these, 
piobably due to inadequate iclief of the stenosis In 2 otheis the congestive 
lieait failuie was associated with aoitic msufhciency The lemaining deaths 
weie attiibuted to an infected aneurysm at the aoitotomy site, aiihythmia, 
subacute bacterial endoeaiditis m a patient who lefused to take piopbylactic 
peiiieillni, and a fiesh myoeaidial intaiction in a patient who had had his 
initial inlaiction 1 yoai befoie suigtiy 

Ot the 72 suiMvois, 50 have been followed 6 mouths oi moie and 13 oi 
86 pel cent of these aio impiovcd (Fig 5) The majority aie asymptomatic 
and woiking These patients aie being leassessed at 6 month internals by 
Ellis and will be lepoited independently At the time of publication the status 
aocoiding to ohnical gioups is shown in Table I It will be seen that 88 pci 
cent of these patients had been in ovcit congestne failuie oi had manifested 
dyspnea before opeiation 
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The percentage of improvement is quite similar in all groups except those 
who had been in recent overt congestive failure, but even among these there 
was significant salvage. 

HEMODYNAIIIC STUDIES 

Clinical follow-up studies following any o]ieration are of primary im¬ 
portance, since the objective is the relief of symptoms and prolongation of life. 
All survivors are being followed clinically. In addition, olijective hemo¬ 
dynamic studies before and after operation add greatly to our understanding 
of the procedure. We have been able to study 22 patients in this series by left 
heart catheterization both before and after transaortic valvuloplasty.* 



Fig. 6.—^Technique of percutaneous left lieart catheterisation. 


The technique employed in left heart catheterization has been derived 
from that of Fisher,^‘ inserting a No. 16 thin-walled needle percutaneously into 
the left auricle under fluoroscopic control (Fig. 6). Through this a poly¬ 
ethylene catheter (PE 60) is inserted and pressures recorded in left auricle, 
left ventricle, and brachial artery. Cardiac outptit was determined by indicator 
dilution curves sampled at the brachial artery following left auricular in¬ 
jection. These curves have also been analyzed by a modification of the Korner- 
Shillingford formula for regurgitation and, in eaeh case, a decision made on 
clinical grounds whether to consider the regurgitation to be located in the 
mitral or aortic area. When significant aortic insufficiency was present the 

*We are indebted to Dr. Lewis Dexter, Dr. Richard Gorlin, and Dr. Walter H. Abelinann 
vmder whose auspices these catheterizations have been performed. 
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c.ilculatious of aortic valve area and left ventricular work have included a 
correction for this factor. It is recognized that the assumptions involved in 
the use of indicator dilution curves for the determination of regurgitation are 
open to some question, but at the moment they arc the only method available. 
Xovortheless, our e.xiJerience in evaluating pure mitral valvular disease would 
indicate that the method is usually reliable. 

In the first 75 patients in the series the studies were limited primarily to 
diagnostic problems. When it became apparent that good clinical results were 
being experienced in patients in whom the catheterization data appeared less 
dramatic, wc elected to catheterize all possible patients in the last 25 of the 
too. These consecutive studies should ijrovido accurate evaluation of the 
quality of our current surgery. Only 11 of the last 25 patients were studied 
because of other obligations in the laboratmy, administrative problems, and 

AORTIC VALVE AREA 
BEFORE AND AFTER 



Fit?. I.—Aortic v.ilve area calculated by Gorlta formula before and after operation. 

the fact that some patients had had adequate studies elsewhere prior to refer¬ 
ence to us. This latter series was operated on at a time when the lessons 
learned earlier could be applied, therefore these patients probably had a moi'e 
elfeetive operation. This can be detected in the last 11 patients represented in 
Figs. 7, 8, and 9. 

Aortic Valve ^Irea.—The valve area was calcidated according to the hy¬ 
draulic formula of Gorlin,^- taking into account the degree of aortic regurgita¬ 
tion as indicated above. All but one were below 0.8 cm.- preoperatively (Pig. 7). 
Those with significant regurgitation are indicated by shading, since this fac¬ 
tor produces a critical hemodynamic situation at a larger valve area than is 
true when stenosis exists alone. Gorlin has estimated that dynamically sig¬ 
nificant stenosis oecuj's at about 0.5 em.~ with pure aortic stenosis, and as high 
as 1.5 cm.= if associated with significant regurgitation (Fig. 10). 
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The percentage of improvement is quite similar in all groups except those 
who had been in recent overt congestive failure, but even among these there 
was significant salvage. 

HEMODYNAMIC STUDIES 

Clinical follow-up studies following any operation arc oC primary im¬ 
portance, since the objective is the relief of symptoms and prolongation of life. 
All survivors are being followed clinically. In atldition, objective hemo¬ 
dynamic studies before and after operation add greatly to our understanding 
of the procedure. We have been able to study 22 patients in this scries by left 
heart catheterization both before and after transaortic valvuloplasty.^ 



The technique employed in loft heart catheterization has been derived 
from that of Pisher,^^ inserting a No. 16 thin-walled needle percutaneously into 
the left auricle under fluoroscopic control (Pig. 6). fl'lirough this a poly¬ 
ethylene catheter (PE 60) is inserted and pressures recorded in left auricle, 
left ventricle, and brachial artery. Cardiac output was determined by indicator 
dilution curves sampled at the brachial artery following left auricular in¬ 
jection. These curves have also been analyzed by a modification of the Korner- 
Shillingford formula for regurgitation and, in each case, a deci.sion made on 
clinical grounds whether to consider the regurgitation to be located in the 
mitral or aortic area. When significant aortic insufheieney was present the 

*''‘lebtea to Dr. Lewis Dexter, Dr. Richard Goriin, and Dr. -Walter H. Abelnmnn 
unaei whose auspices these catheterizations have been performed. 
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calculations of aortic valve area and left ventricular work have included a 
correction for this factor. Tt is recognized that the assumptions involved in 
the use of indicator dilution curves for the determination of regurgitation are 
open to some iiuestion, but at the moment they are the only method available. 
Nevertheless, our experience in evaluating pure mitral valvular disease would 
indicate that the method is u.sunlly reliable. 

In the first 75 patients in the series the studies were limited primarily to 
diagnostic proljlems. AVhen it became apparent that good clinical results were 
being experienced in patients in whom the catheterization data appeared less 
dramatic, we elected to eatheterize all possible patients in the last 25 of the 
100. These consecutive studies should provide accurate evaluation of the 
quality of our current surgery. Only 11 of tlie last 25 patients were studied 
because of other obligations in the laboi-atory, administrative problems, and 

AORTIC VALVE AREA 
BEFORE AND AFTER 



Fig. 7.—Aortic valve area calculated by Gorlin formula before and after operation. 

the fact that some patients had had adequate studies elsewhere prior to refer¬ 
ence to us. This latter series was operated on at a time when the lessons 
learned earlier could be applied, therefore these patients probably had a more 
effective operation. This can be detected in the last 11 patients represented in 
Pigs. 7, 8, and 9. 

Aortic Valve Area .—The valve area was calcidated according to the hi' 
draulie formula of Gorlin,’- taking into account the degree of aortic regurgda- 
tiou as indicated above. All but one were below 0.8 cm.’ preoperativel.v 1^'.'^.^,' 
Those with significant regurgitation ai-e indicated by shading, since 
tor produces a critical hemodynamic situation at a larger valve area^^^ 
true when stenosis exists alone. Gorlin has estimated that 
nificant stenosis occurs at about 0.5 cm.’ with pure aortic steno-'O-'" • 
as 1.5 cm.’ if associated with significant rcguigitation (Fig- A’-*- 



770 


HAEKEI^, BLACK, TAYLOE, TIIEO^VEE, SOEOPP 


J. Thoracic Surg. 
December, 1958 


Postoperatively, all but 8 of the patients had valves calculated to be 0.8 
em.= or more and 13 were 1.0 cm.- or larger. In 3 cases, the aortic gradient 
was entirely eliminated indicating an effective valve area of 3.0 cm.- or greater. 


MEAN SYSTOLIC GRADIENT 
MM Hg ACROSS AORTIC VALVE 



1 Recent Series I I Recent Series I 



Fig. 9.—Left ventricular work before and after operation. Shaded bars indicate presence of 
aortic insufficiency in excess of 0.5 liters per minute. 


Aortic Valve Gradient .—^The preoperativc mean systolic gradient across 
the aortic valve was greater than 40 mm. Hg in all but 4 of the patients studied 
and ranged as high as 113. This gradient fell postoperatively in every case but 
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1. Ill 10 patients it was reduced below 20 luni. Hg, a level now considered to 
be of little licmodynamic significance. The aortic valve gradient per se, without 
concomitant flow studies, is of limited value. Gradients in patients with low 
flow in failure are deceiving. This accounts for the low values recorded here 
(Mg. S). 

Left Vcntnculav Work .—Although the computed figures for valve area 
postoperatively were somewhat disappointing in some cases, this finding has 
not by any means precluded a satisfactory clinical result. The work performed 
by the left ventricle is perhaiis of greater significance. A reduction of this 
factor below the critical level may reflect more accurately the relief of 
symptoms than does the absolute valve size. iVftor operation, 16 of the 23 
patients studied had the ivork of the left ventricle reduced to G Kg. 
or below, a level considered to be within normal range (Pig. 9). 



Klg. 10.—Dlagiaiii showing relation of pressure to flow* for any given degjee of aortic 
stenosis. Note minimal Increment In flow despite marked increase in gradient in valves of 
0.5 cm.* area or less. CGorlm et nl.: Am. J. Sfed IS: 855-870, 1955.) 

DI.SCUSSIOX 

A review of this series of 100 patients who have had a trausaortic valvulo- 
plasty for the relief of aortic s’tenosis emphasizes several points. It is clear 
that the symptomatic patient with aortic valvular obstruction has a disease 
that is often fatal within a matter of months as doonmented by our control 
series. As Wood^^ has pointed out, the prognosis for relief or survival on medi¬ 
cal therapy alone is poor. The operation presented, although not curative in 
the majority, has offered good palliation to many at an acceptable operative 
risk. We cannot agree with those who urge early operation “before calcifica¬ 
tion occurs” simply to minimize the technical problems. Nevertheless the 
development of symptoms in a patient with the murmur of stenosis should warn 
the physician of impending rapid deterioi-ation and prompt consideration of 
surgical relief is in order. Left heart catheterization may clarify the.prohlom. 
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At the other end of the spectrum is the patient in congestive heart failure who 
should not be denied operation simply because of increased operative risk. He 
has a malignant disease on medical treatment yet surgery may offer some 
salvage. 

"When hemodynamic evaluation can in some instances show so little change 
yet the clinical improvement be gi-eat, or vice versa, we realize that even these 
techniques leave something to be desired. Gorlin^® has recently been studying 
coronary flow in these patients. Patients with aortic stenosis show a fixed 
coronary flow at rest, on exercise and with nitroglycerine. Presumably, the 
excessive ventricular work calls for maximal coronary dilatation. It will be 
significant if further studies show that the fixed coronary floAV of advanced 
aortic stenosis can become variable after surgical correction. Such a sUidy 
might help us in the selection of patients for operation and also facilitate the 
evaluation of results. 


SUMMARY 

1. One hundred patients with symptomatic aortic stenosis have had surgi¬ 
cal correction by a transaortic procedure. There have been five operative 
deaths in the last 60 patients (8 per cent). 'Iwelve late deaths have occurred 
in the entire scries. 

2. Clinical appraisal of the survivors, followed from 6 to 36 months, indi¬ 
cates that 86 per cent are improved. 

3. Hemodynamic evaluation by loft heart catheterization before and after 
operation shows that the valve area is significantly increased, the mean systolic 
gradient reduced, and that the left ventricular work falls. 

4. Serious consideration for surgical relief is advised in all patients with 
symptomatic aortic stenosis. 

5. A plea is made for careful preoperative and postoperative clinical and 
hemodynamic evaluation of patients with aortic ob.struction. This should 
facilitate the proper choice of closed or open operation in the various patterns 
of disease. 
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Discussion 

DR ELMER P E M-VURER, Cincmuati, Ohio—I would like to emphasize the im 
portanco of an observation made by Dr Harken that has to do with the preoperative 
evaluation and determination of the etiological background in choosing the method of 
surgical approach for aortic stenosis The results obtained will depend in groat part on 
this determination In aortic stenosis resulting from rheumatic fever, one would anticipate 
commissural fusion characteristic of this disease and the transaortic approach might very 
well be anticipated to give good results In the arteriosclerotic, calcified form of aortic 
stenosis, no commissural fusion will be anticipated and I think tho percentage of good 
results will bo decreased 
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(slide) With either the open or closed approach, it is hopeless to expect good re¬ 
sults in those situations where one has complete replacement of the aortic valve by a 
calcified block. Taking into consideration all asiiects of the problem, including the added 
risk of open aortotomy with electric cardioplegia or retrograde coronary perfusion with 
extracorporeal circulation, we have preferred to use a transsternal plastic tunnel closed 
approach in those individuals who have a definite rheumatic history and the classical 
commissural fusion. 

(slide) The valve is approached through the tunnel and commissurotomy is com¬ 
pleted by linger fracture or cutting technique. 

(slide) This shows the aorta closed. 

AVe have encountered no problems in postoperative hemorrhage utilizing tliis ap¬ 
proach. 

We certainly believe that open approaches are mandatory in all instances of con¬ 
genital aortic stenosis. I doubt very much whether any approach is satisfactory in those 
instances where the aortic ring and valve is completely replaced by calcium. Perhaps in 
the future we may find ourselves exploring the aortic valve by one of the closed tech¬ 
niques, being prepared to proceed with the open operation if it seems impossible to do it 
by the closed approach. 

In summary, we have preferred transaortic commissurotomy, utilizing the plastic 
tunnel developed bj' Dr. William K. Swann, in those instances where a definite history 
of rheumatic fever is established, the stenosis is of short duration, and no calcium is seen 
on fluoroscopic examination of the aortic valve. All other stenotic aortic valve lesions 
are operated on by the open approach. 

DR. ROBERT P. GLOVER, Philadelphia, Pa.—Dr. Harken has presented his sub¬ 
ject in his usual masterful way. Whereas we agree wholeheartedly that, at the present 
moment, closed methods for the surgical treatment of acquired aortic stenosis are prefer¬ 
able, it is our feeling that the transvontricular route to the aortic valve is simpler, faster, 
and safer than the aortic approach and will yield a more satisfactory functional clinical 
result in a greater number of patients. 

(slide) From 1951 to the present we have used transventricular commissurotomy for 
aortic stenosis in 87 consecutive cases. During this period, twice this number have either 
refused surgery or have been turned down and each of these has long since died. There 
has been no inclination to employ other techniques, for acquired calcific stenosis presents 
a derangement in anatomy and pathology incompatible with definitive, restorative re- 
ronstruction in the ordinary sense of the term. In the majority of such cases, the valve 
is indurated and calcified to the point of complete replacement and distortion of normal 
valvular tissues. It is an immobile “concrete dam." Under these circumstances and short 
of total resection of this scar with suitable prosthetic replacement, there is no advantage 
to employ techniques (complicated, tedious, time-consuming, and of considerable risk) 
which provide for either direct palpation or visualization of the valve. To bo sure, ulti¬ 
mate!}' open surgery with valvular replacement will be the effective treatment, but until 
such a valve replacement becomes available it must be recognized that safe and effective 
palliation is all that can be offered. This can best be accomplished through the loft 
ventricle. 

Originally, most surgeons used the transventricular approach with uniformly poor 
results. Large, bulky dilators requiring constricting purse-string sutures on the loft 
ventricular myocardium resulted in stellate lacerations of this muscle with its attendant 
hemorrhage and arrhythmias and were responsible for the high mortality. Our first 37 
consecutive cases were no exception for, within the first month of surgery, the mortality 
was 46 per cent, obviously intolerable. To be sure, these deaths wore in patients already 
in advanced left ventricular failure, and poor risks. Surprisingly, however, 11 or 30 per 
cent of this group are still living and improved 3 to 7 years after surgery, indicating that, 
when tolerated, split-dilatation of these valves provides reasonable palliation. 



of I 


tho .., 

"" Pur^e-KfJ^ ■'"‘inll „„ 


■l/.( 


7 / 7 ,, 


If),. 


l^f/ 






/.s 




/f. 


""‘I'h 


'« results 

“i'fralivo 


he 


hrii 




‘=Me 'fo/o,. '1'"-/ 


' <‘ii. 


hsl 

'riirh 


/)/), 




T'/.J 


. hut ■; ""■ fi.i,,, '"-"fci/ 

'•'^f "''X'./v , 

"> ») .. - to 


’riel, 

teci, 




WlO,„, 


u;,, .i/iv 

Slli) "vru e,"'! ''’'ntl, 


tttn, 


••t 


th,> 






/•It 


• f.if, . ’ 

Urn... hi.,,,,. 

'^ron..r 


'' III.. 


’’re np 
to ,,, ""'ff. 

" In r'''"i: „ f'ffr,. 

'■'■'"7 . . 'I'lt.) ' l„ 

1 ,... *"'■/),. - f'^r 


."'Mp n 


«^n/7 

'On 


OUh 


oni 


"•’^'inrr 


oi\U 


"’■'riculu 


. «r,/;, 

37,..t„, 

‘ (;,P 


'V, 

" \ 


•’'/ri 

.' '"■ 

ol, 


h, 


"ll 


"I 


'“-‘Ihl. 

‘••'ul 

It 


li), 


■ ,■ '*3’3ace,i 
^'33. , 


'fi.i'o 


■■/ 




y '""mils., ““’re 

'"''nr'" 

,/,p .. "'"'■oip,,.,,"' ••> ' 3 r, 


"•f 




"u/> 

('ro 

Of 


''■On 


In 


■op 




- un 

y «lie , 


• fs 

1 hi 


' It 

'to,, 

"• ,'' ' ' •'. 
■'/ 

' ‘'lit t 

' 'hill 


' " > 1 

•'■fA 1/ n 


"• / 


I'Of ^“lllO «l. ^ 


' or 

•‘■3//S 


flu 


‘I'pio, 


‘^"trnoti 


lOti 


the 


I Ih, 




I'rotrn, 


'•3 


Hit, 


''■•<' . '‘’•'boin, y^'O'l 

lt^ 


' yfh.i 


Palhe^ 


‘"‘l'°rt:,n,. 


“It I, 


I'ion. 


t/i, 


I'lle, 




for 


,. 

,.3>'0,,„p, " 'W,., 


iff.j,, 


"7 1/,, 


• '"o -)f‘! ■ 

"^hc j 

„ 

“/'fro.,,,. . lee... '"'l ■ '' 


I; 


an 


till 


7r 




'f’ iii. 

*' />r i 


I, 

ot , 


l/l,. 


i‘o otf ,, " “as 

‘■yi'iiio.l 


x/iJO 




ih,! 


n, 




<»U/. 


Ootli, 

'■III;, 


rhe„ 

tho T‘ '■ 

■'li'nr,,,, * 


rogurt 


tlT 1 
eiio„ 

'“g 
'irie. 


I, 

n 

“nth, 


h, 


■'foi, 


"' III. 


,.! “‘;“‘>ler 


' "“’'““gue. 
hn,l 
'ali-e 
“f the 


tho 


fr. 


/»'fv 


. ffrZV'"’' 




ar . ' ‘ 




1 

13/ 

. ‘'“'■h .usZ'”"'' ‘ 

.. 




H i» /, ^ 


i. 


t>no 


' I’ti, 




'lilt 


‘in 


he. 

' r , , 


nomb. 


serie. 


'"le,/ 


,fi 


'““'“il„„ 


'/, 
/ / 


'ost 




'i /„ 

' ■I II, 

' h 


to 


e 

Pojnf 

^Pon 


'•!‘>. 3J 


‘ I 'i'ni,„ 


"ith 


^Pt i, 


Patient 

'ro' 7 

"hi 

n,P' <'‘0,1.' “''•I 

*^ 7 -.,:::""^ 'hozz 


7//^ » 

' / l» , 


‘r\ 

' r 


/3f 


C III 


conli' 

u, , - 

7Ae “aw , 


' 

n 


w 


n, 


' "f- nf 


nti 
'7" tip 




•■e.Uyfnriou , 






tn o 




i/if 




7 / I'n va/ip 

.fOftie 


n/j, 


- iZzzt: 


776 


HAKKEN, BLACK, TAYLOE, THEOWEE, SOEOFP 


J. Thoracic Surg. 
December, 1958 


DE. CHAELES P. BAILEY, Philadelphia, Pa.—I have enjoyed Dr. Harken’s paper 
very much and am glad that he emphasized the commissure. However, a heavy responsi¬ 
bility rests upon me; first, for originally promulgating the closed approach to the stenotic 
aortic valve and, second, for failing to recognize the necessity for bringing about flexi¬ 
bility of the surgically separated valve segments. Today it seems to mo that it is wrong 
to continue these closed techniques for the reasons Dr. Scanuoll showed so well yesterday. 
The valve structure is not simple and there is much more advantage in operating by an 
open technique than is the case with the mitral valve. 'Wo feel that, while many patients 
are clinically benefited by the closed procedures, it is only because a relatively slight 
enlargement of the orifice beyond the critical size brings about a rather great clinical 
improvement. Postoperative physiologic studies by Goldberg and others have shown 
that we do not accomplish much opening of the stenotic valve by any closed method. 
It is not surprising that many of our surviving patients are beginning to show evidences 
of recurrence of the stenosis and will require further (more adequate) intervention in 
the future. For this reason, 86 cases ago we decided to do only open operations for aortic 
stenosis. When we look at the valve it is not the same as feeling it digitally or palpating 
it instrumentallj’. 

(slide) This is a valve which may be considered as typical or reasonably representa¬ 
tive of these cases, although I know that there arc very many variations. Koto that the 
calcification is limited to the concave or "spongiosa” layer of the cusp. The convex or 
“fibrosa” l.a 3 ’er would bo relatively thin and flexible if it were dissected awaj- from the 
former. By a painstaking technique, somewhat analogous to soap sculpture, it is possible 
to remove the extremely scarred and calcified spongiosa laj'er. By this means not onlj' 
is a great deal of flexibility- imparted to the mobilized valve cusps, but also a significant 
degree of “lengthening” of the cusp is produced which renders the valve more competent. 

DE. DWIGHT E. HAKKEN (Closing).—^'I’hank you, gentlemen, for your discussion 
and your nice comments. Thank you, Dr. Bailey, for y-our reference to the removal of 
calcium as “sculpturing” reconstruction. We have been unable to remove the calcium 
without producing hopeless defects. Furthermore, we can assess what the ventricle can 
do for valve motion better with the finger during the closed operation. 

Dr. Glover and Dr. Idaurer have accepted my basic reasoning. I’m not quite sure 
that I can entirely return the compliment, for the limitations of the transventricular 
technique seem virtually- prohibitive to us. With Dr, Glenn’s position I agree, however, 
that the technical advantages of a properly- used Ivalon tunnel seem substantial. Dr. 
William Glenn has been a pioneer in the use of operating tunnels for intracardiac surgery-. 

In closing, I cannot possibly- comment adequately- on all the excellent points made 
by the discussers. It must suffice to say- that we have patients in a symptomatic phase 
of a highly letjial disease. We recognize certain variations in the pathologic process. 
It seems to us that open operation has advantages in noncaleific aortic stenosis. Open 
operation certainly- has a preferred place in subaortic stenosis in children. Coavensely-, 
heavily' calcified stenosis in adults (with adequately- large aortas) has been handled in a 
fairly but not perfectly- satisfactory- manner by this Ivalon operating tunnel in a trans- 
aortic retrograde fashion. 

We need to pool and compare our results when operating on similar pathologic pat¬ 
terns in similar phases of the life cycle of this disease in order to adopt the most appro¬ 
priate operations and to make the best recommendations to others. This evaluation must 
include operative and late mortality-, pre- and postoperative clinical evaluation and, im¬ 
perfect as it is, the most exhaustive, objective hemodynamic studies before and after our 
intervention. Only in this way can we work responsibly- until the “perfect” operations 
are available. 

Again, thank y-ou. 



SURGICAL TREATMENT OE THIRTY-FIVE CASES OF 

drainage of pulmonary veins to the 

RIGHT SIDE OF THE HEART 

Henry T. Bahnson, M D, Ptank C Speiicei, yM D* (by mvitatton), and 
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S INCE the (le\elopmeiit of methods foi aceiuate diagnosis of caidiac defects 
anomalies of the pulmonaiy venous ictiiin have been lepoited with eon 
siderable frequency Paitial anomalies of the piilmoiiaij veins have been often 
eiicounteied m the lepair of atiial septal defects and vaiioiis methods have 
been described for closing the defect and concomitaiitlj collecting the nimm 
aloiis venous retuiii’ ® 

There have been a numbci of attempts to tieat the tofallj abiiounal letuiii 
all amiing to direct the piilmonaiy How to tlie lett atinim but attempting to dn 
this by seveial dilfoient methods JluUei*'' fust lepoited paitial coiieetiun 
by anastomosis of the venous tiunk fiom the left lung to the loft atinl ap 
pendage, and complete coiieetion of scvcial tjpes of totally abnoimal letiiin 
has since been iepoitcd“ «. u. i«u> The pin pose of this lopoit is to describe 
0111 suigical eNpeiiences with 35 eases of anomalous piilmonaiy venous letiiin 
in 16 of which all the piilmonaiy veins diained abnormally These lepiesent 
38 pel cent of the 92 patients tieatcd duiing the past 9 yeais foi anomalous 
venous retiiin oi atiial septal defnt the condition which the foimoi most 
lesembles clinically 


evibrvologv 


The cm rent, most widelj held explanation of the developmental abnoi 
niality states that the piilmonaiy venous plexus aiises fiom diffeientiation of 
the splanehme plexus aioiiiid the developing lung ' The pimioidial eaidiai, 
end of the pulmoiiaiy v ein dev elojis as a small endothelial pouch giowing fi om 
the atiium on the left ot the developing septum and extending ton aid the 
pulmonaiy plexus .Simultaneonsly, the sjstemic veins aie developing fiom 
fusion of the aiiteiioi and posteiioi caidinal veins on eithei side to foim the 
common caidinal vein oi duct of Cuviei Both common cardinal veins ]Oin 
the smus venosus This later is absoibed into the lieait, the light common 
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cardinal vein becoming the proximal portion of the superior vena cava, the 
right posterior cardinal vein becoming the azygos, and the right anterior 
cardinal vein the superior vena cava distal to the azygos. The left common 
cardinal vein is absorbed into the heart as the coronary siims. More distally, 
the left common cardinal vein becomes the oblique vein of Marshall and the 
primitive posterior cardinal vein persists as the highest intercostal vein. 
Should the pulmonary plexim and the pulmonary vein extending out from the 
atrium fail to meet, these systemic veins or their remnants form ready substi¬ 
tutes. The connections are already present joining the s2ilanchnic-pulmonary 
plexus to the cardinal system. 

Neill’s gro\;ping of anomalies of the pulmonary vono\is system is conven¬ 
ient for .surgical purposes. She suggests that drainage of the pulmonary veins 
into the ricjlit atrium might occur, if the atrial septum develops abnoi'inall}^ 
far to the left. Drainage into the right superior vena cava, azygos, or right 
innominate vein Avould represent persistence of communication between the 
pulmonary venous plexus and the right horn of the sinus venosus and right 
common cardinal vein. Drainage into a persistent left superior vena cava, 
coronary sinus, or left innominate vein might result from persistence of con¬ 
nections with the left common cardinal system. In such an instance, once the 
piilmonary venous plexus eomminiicates with the left horn of the sinus 
venosus and left cardinal system, three possibilities arise. The cardinal system 
may atrophy proximal to the entrance of the pulmonary veins, in which ease 
the pulmonary veins will drain into a left innominate, or a pcr.si.stent left super¬ 
ior vena cava (or left vertical vein). If the cardinal system atrophies distal 
to the entrance of the ])ulmonary veins, the ultimate connection is to the coro¬ 
nary sinus. In some instances, the entire cardinal system persists and the 
pulmonary veins empty into a loft superior vena cava connecting with the 
coronary sinus as well as the innominate. Neill’s fourth group consists of 
connection with the portal vein or ductus venosus, remnants of early drainage 
into the umbilieovitelline system. 

In all instances, except anomalous drainage into the right atrium, it is 
presumed that the primordial pulmonary vein does not develop in the atrium, 
does not e.stablish contact with the developing indmonary plexus, or loses this 
connection once made. 

EdAvards and associates^® have added an additional group of patients in 
which the connections of the common pulmonary vein to the left atrium are 
abnormal, although all the pulmonaiy venous blood may return to the left side. 
In such a case, a tri-atrial heart arises with tAVO chambers in the left supraven¬ 
tricular region, the upper one arising from the common pulmonary vein, the 
loAver from the left atrium, and the septum betAveeu being the narroAved junc¬ 
tion of pulmonary vein and atrium. This condition Avill not be included in 
the subsequent discussion. 

DIAGNOSIS 

When one or tAvo of the pulmonary A^eins drain directly into the right 
atrium and the remainder normally to the left, the clinical picture may be 
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ideiitie.il with that of a simple atiial septal defect It has been stated that 
paitial anomalous leiious retuiii is associated with higher pulmoiiaiy blood 
flows and piessures than those seen uith simple atiial septal defect, but this 
has not been a consistent finding in the picseiit senes AVe have noted, hou 
ei er, in the electioeaidiogiani of these patients, a moie maiked degiee of light 
vcntiiculai hypeitiophj than is usually associated with a simple atiial defect 
with comparable pnlmonaiy arteiy piessnies The collect diagnosis of the 
paitial anomaly may be suggested by elcctiocaidiogiam, by the oecasional 
nsuali.!ation of the anomalous lein on the plain loeiitgenogiam, by the 
catheteiization of the vein or veins diicctly fiom the light atiial wall oi supe 
1101 vena cava, or by visualization with angiocaidiogiaplij Swan and associ 
.ites"=^ have developed metliods, including the injection of indicatoi dyes, by 
which one may deteimine vvhethei the diaiiiage is anomalously to the light 
side of the heait In some inst.intcs of simple atiial defect, liowevei, the 
dianiage fiom one or the othei lung maj be piedominaiitlj to the light Thus, 
they point out a distinction between abiioimal venous diainago and abnoimal 
venous connection, the two not neeessaiil} being the same 

In the pieseiice of a totally abnoimal pulmoiiaiy venous dianiage both 
systemic and pulmoiiaiy venous blood mi\ in the light atiium so that blood in 
all othci oaidiae chambeis is of similai o\ygen s.ituiation In some instaiicis 
duo to stiearning, pulmoiiaiy blood may contain a highei ovygeii content than 
systemic aiterial Such patients must have peiipheial aiteiia! iinsatuntioii 
although with a high pulmonaiy flow this may be of such small degi eo th d it 
IS not noticed clinically without analysis of aiteiial blood The total .innmah 
IS most apt to cause symptoms and failure eaily in life and be associated iii 
the absence of failuio with evcessive pulmoiiaiy blood flow and gieatei tend 
ency to incieascd pulmonai-y vasculai lesistance In Keith’s senes’" the 
majoiity of the patients died befoie 6 months The size of the atiial septal 
defect, 01 foiamen ovale, is probably important in tlie onset of failure foiming 
an obstiuctioii when small In addition, the left .atiium and ventiicle aie 
usually uiidei dev eloped 

Since anomalous drainage of the piilmoniiy' veins into the nr/ht aliinm 
complicates the opeiative problem only veiy little, it is not of gieat suigieal 
impoitance to identity the anomalous veins piioi to opeiatioii The anomalous 
letiiin 111 Case 1 iii which all pulmoiiaiy veins enteied the light atiium was 
stiongly suspected because of the unusual disability, the laige shunt into 
the atiium, and slight aiteiial unsatuiation 

When the anomalous di ainage is into the supci loi lena caia, the anomalous 
veins may be seen on a plain loentgciiogiam iii a slightly highei than normal 
position (Pig 1, A) This can be coiifiimed by aiigiocaidiography oi by 
eaidiae catheteiization when aiteiiahzatioii is d scoveied in this legion, iiioie 
leadily demonstiable when the dianiage is high in the vena cava oi into the 
innominate When all pulmoiiaiy veins eiitei the siipeiior vena cava, this 
stiiietiue usually shows dilatation radiologieally 

Diainage of the pulmonaiy veins into the coionaty sinus may be accom 
panied by gieat caidiac enlargement and seveie eaidiae foiluie r- - . 
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Fig 2 —Case 28 Total pulmonaiy venous diamage to the coionaiy sinus The boxhke shelf 
to the uppet light border is chaiacteristic on the roentgenogiam 
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childhood. The contour of the heart is unusual, the right atrium being large 
and boxlike with a somewhat horizontal upper border (Fig. 2). This contour 
when present appears characteristic but unfortunately was absent or had not 
yet appeared in the one infant encountered mtli this condition. 

When all pulmonary veins drain to the left superior vena cava, there is a 
“snowman" or “figure-of-eight” appearance on the roentgenogram which 
has been extensively illustrated and is due to the dilated left superior vena 
cava (or vertical vein), innominate vein, and right superior vena cava, together 
forming a rounded shadow above the globular heart. This typical radiologic 
appearance is less easily recognized in infants (Pig. 3, o'!) but may be readily 
demonstrated angiocardiographically (Fig. 3, B) or by catheterization with 
the shiint demonstrable into the innominate vein. 



ParUal 



3 To^alAVR 7 
2 Survivors 1 



Corona.ry sinus 


L.sup.v.cava 


r’isr. 1. 


SURGICAL TREATJIENT 

The subsequent discussion is based upon experience as follows: There 
were 10 cases in which pulmonary veins entered the right atrium, in one in¬ 
stance both right and left sides draining anomalously. In 10 eases, some or 
all of the right pulmonary veins drained into the superior vena cava and in 
5 all pulmonary veins from both lungs drained into a chamber which entered 
the right superior vena cava. All pulmonary veins drained to the coronary 
sinus in 3 cases and in 7 cases all pulmonary veins entered a persistent left 
superior vena caAm (Fig. 4 and Table J). 

The present method of hypothermia used Avith most of these cases has 
been reported-^ but consists of surface cooling to 30° to 32° C., mild alkalosis 
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Tvble I 


i 

I METHOD 0* 1 OTHER 



VV1> NO 1 

Vrt 1 R1 rAIR 1 ANOMALIES 

EESUIT 

REif \RKS 


Tolilly 

Anonj' 



I’uJmonary reins Entering Eight Atrium 

ilous 






Case 1 S H 

717950 

Partially 

^Sjiomalous 

15 

n\ pothermia, 
direct suture 

None 

Good 

Total anomalous return to 
right of septal run, sep 
turn incised to effect 
tianspositioii of leins 

Ciso 2 

E B 
CiOOOh 

11 

Atriil noil 

Pulnioii irj 
tlironibobis 

Died 

Sc\ero pulmonarj hvpcr 
tension and thrombosis 

Cisc 3 

C A 
736541 

11 

Ifvpotlicrmia, 
direct suture 

None 

Good 

Superior pulmonary vein 
anomalous 

C i‘=c i 

L I’ 
662181 

5 

1[\ pothenni i, 
direct suture 

None 

Died 

LncNplained severe icido 
SIS, right inferior pul 
monarj vein anoma 
lous, earlier attempt to 
close defect with purse 
string unsuccessful in 1 
sutures subsequontlj re 
moved because of in 
fectioii 

Case 5 

N M 
768002 

6 

IIj pothcnnia, 
direct suture 

None 

Good 

Septum inoiscd to tlTeet 
transposition of all nght 
pulmonary veins 

CliO 0 

r A 

74240S 

7 

Ih pothcrmia, 
direct sutun 

None 

Good 

\nonulous right inferur 
pulmonirj vein onlj 

Clio 7 

R B 
022170 

U 

HspotUermn, 
(liu t suture 

None 

Gflol 

Right supcnoi and nud lli 
veins anomalous 

Ci'-o S 

B B 
675480 

10 

H\ potlicrmia, 
direct suture 

Left £sVC 

Good 

W\ right pulmonary ns 

into right atrium sop 
turn incised to transpese 
veins 

Case 9 

L J 
760337 

10 

ir\pothcrmia, 
direct suture 

None 

Good 

1 cm foramen ovale both 
right pulmonary veins 
into right atrium sep 
turn incited to effect 
closure 

Ci''0 10 

p arcL» 

21 

Ifj potlicriui i 
dinct suture 

None 

Good 

Right superior pulinoniry 
vem anomalous, septum 
incised to effect trans 
position of veins 

Cibe 11 

J T 
633834 

I’uOiioHrtiy Fci«s Mo Ltyht Snpenoi 
6 Atrial >>cll None Dieil 

Cfua 

Died sliortly after opening 
atrial well 

Case 12 

E B 
735041 

45 

Partition of 
civa, purse 
string 

None 

Good 

Superior and middle lobe 
veins anomalous 

Ciso 13 

E B 
701057 

7 

II>pothermia, 

partition 

None 

Good 

Superior pulmonary vein 
anomalous, SVC pres 
sure 12 mm Hg after 
closure 


•Trt ited at the Royal Prince \lfred Hospitil Sydney VustraHa 
Canted on next pages 
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Table 1—Cont^d 


NAME AND NO. 

AGE 

1 METHOD OF 

1 REPAIR 

OTHER 

ANOMAMES 

RESDDT 

i BEJIARKS 

Case 14. M. S. 

639709 

12 

Hypothermia; 
partition 

None 

Good 

Superior pulmonary vein 
anomalous; SVC pres¬ 
sure 12 mm. Hg after 
closure 

Case 15. B. jM. 

716418 

15 

Hypothermia; 

partition 

None 

Good 

Superior pulmonary vein 
anomalous; SVC pres¬ 
sure 26 mm, Hg after 
closure 

Case 16. P. B. 

741548 

11 

Hypothermia; 

partition 

None 

Good 

Superior pulmonary vein 
anomalous 

Case 17. C.IV. 

796284 

7 

Hypothermia; 

partition 

None 

Good 

Superior and middle lobe 
veins anomalous; SVC 
pressure 20 mm. Hg 
after closure; postopera¬ 
tive chylothorax 

Case 18. A.P.* 

33 

Hj’potliermia 

Left SVC 

Good 

Superior and middle lobe 
veins anomalous; right 
SVG directed into septal 
defect under direct vi¬ 
sion; right SVC ligated 
above; left SVC present 

Case 19. L. H. 

783712 

11 

Hypothermia 

Left SVC 

Good 

Same as Case IS 

Case 20. E.J. 

602898 

Case 21. K. P. 

506600 

31 Hypothermia; None Good Superior and middle lobe 

partition veins anomalous 

Ml Pidmonari/ Feins Draimn(/ fo llujht Suiwnor Cava 

4 None None Died Exploration on right only, 

in 1949; later anastomo¬ 
sis on left planned; 
right pulmonary artery 
coursed between common 
pulmonary vein and left 
atrium 

Case 22. E. B. 

B 03237 

6/12 Atrial well 

None 

Died 

Anomaly not fully diag¬ 
nosed until autopsy; ar¬ 
rest on closure of fora¬ 
men ovale 

Case 23. B. C. 

7 

Purse string; 
partial liga¬ 
tion of cava 

None 

Incom¬ 

plete 

repair 

Eight SVC directed 

tlirough septal defect to 
left atrium; SVG ob¬ 
structed above entrance 
of veins 

Case 24. D.I). 

613723 

7 

Hypothermia; 
partition 

None 

Good 

Eight pulmonary artery 
coursed between left 
atrium and common pul¬ 
monary vein; SVC pres¬ 
sure rose 2 mm. Hg 

Case 25. B. L. 

604034 

13 

Hypothermia; 

partition 

None 

Good 

Initial repair obstructed 
pulmonary veins; re¬ 
vised ivith another pe¬ 
riod of inflow occlusion 

Case 26. J. R. 

475646 

All 

13 

Pulmonary Feins Draining to Coronary 

Bypass Patent Good 

ductus, 
tricuspid 
insufficiency 

Sinus 

Small foramen ovale; Sep¬ 
tum removed between 
coronary sinus and left 
atrium, resulting defect 
of atrial septum sutured 
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Tabil 1—Com i> 


name \ND >.0 

1 AGF 

MLTIIOB Oi j 
RBI MR 1 

OTHER 

VNOMVLIES 

RESULT 

REMARKS 

Ci=o 27 D 11 

B 3S0o2 

> 

llypotluimi i 

None 

Died 

Severe cardiac failure, 
died after exploration 
luth inflow occlusion 

Cist 28 r V 

7840SG 

15 Bypass Nout Good Vs m Ca ‘«0 20, initial re 

pair obstructed pulmo 
niry veins, revised with 
additional bypass 

Jfl I^ultnonary Veins intenni/ left Sui>eT\or Cava 

Cisb 20 J G 

oososn 


I eft itnul left 
pulinomir> 

^eln anw 
toniosis 

None 

Dud 

Vnastomosis of left infe 
nor pulmonary vein to 
atrial appendage, trunk 
constricted rostrallj 

Ci'it 'in c B 

4 

1 eft itn il left 
pulmonirj 

^tm '11113 

tomusts 

None 

Died 

Anastomosis of left atrial 
appendage to venous 
trunk, constriction ros 
trally 

11 VS 

A 03474 

4/n 

I eft atnil left 
puliuoiurj 

%om 'MU'* 

toniosts 

None 

Died 

Anastomosis of left atrial 
appendage to venous 
trunk, const notion roa 
trally 
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by hypei\entilatioii .uul ^laMty pcitusicin of the coionaiy nitones during 
inflow occlusion Two peiiods of inflow occlusion of 9 niinutcs each weie used 
111 Case 20 hut, in most instiiiecs lepaii was accomplished in less than 8 
minutes 

The pump oxygenafoi used foi eaidiopulmoiiaiy bypass was the stationaiy 
screen oxygenatoi as modified by Gacitnei and Kay 

In most instances, opeiation Ins been pel formed thiough the light chest 
only, the fouith inteispice being cnteied When additional exposuie is le 
quiied, as foi nsualiz ition of the left supciioi \ena casa, the sternum may be 
tianseoted but laiely does the left chest need to be enteied foi tieatment of 
anomalies on the light side In eailitr experience in attempting to anastomose 
the aiiiiculai appendage to the peisistciit left supeiioi icn.i cava, an appioaeh 
thiough the left side was, of eouisc, used 
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Tlie importance of thorough dissection and visualization of all vessels in 
the operative field cannot be overemphasized. Although, in some eases, 
anomalous pulmonary veins were suspected from clinical or catheterization 
data, in most iiistances the partial anomalous drainage was first diagnosed 
with certainty only after such dissection. One should be certain of visualizing 
veins draining all areas of the exposed lung, and clearly identify, within the 
pericardium or at the site of entering the superior vena cava, the termination 
of such veins. The position of veins can then be further delineated by palpa¬ 
tion uithin the heart through an incision in the wall of the atrium or the tip 
of the atrial appendage. In palpating witliin the heart a plan should he de¬ 
veloped, our own being to examine the superior and inferior venae eavae, 
coronary sinus, the atrial septum and, if the septum is not intact, the origin 
of right and left pulmonary veins through the defect, the left atrial appendage, 
the mitral valve, and the tricusiiid valve. Accurate examination of all these 
structures is not possible in infants with small hearts and it is our belief that 
paificularly in such children open visualization is needed; this requires ad¬ 
ditional time of circulatory interruption and hence a cardiopulmonary bypass 
should be used. 

Pidmonanj Feins Entering Right Atrium (Table I).—When pulmonary 
veins drain anomalously into the right atrium in the region ot' an auricular 
septal defect wo difficulty is usually encountered in suturing the anterior rim 
of the defect to the right of the pulmonary veins in the repair. In some in¬ 
stances, veins enter the right auricle just above or below the defect and 
adjacent to intact septum. In such instances, incision of the septum is required; 
this should be done posteriorly, adjacent to the orifice of the anomalous vein, 
and this flap of septum maj’’ then be sutured anterior and to the right of the 
pulmonai'y veins (Fig. 5). In one patient (Case 1), treated under hypothermia, 
the T'im of the septal defect was unusually far to the left and all right and left 
pulmonary veins drained into the right atrmm to the right side of this .se]flal 
rim. Regardless, after incision to enlarge the defect, the anterior rim of the 
septum could be sutured to the right of the pirlmonary veins thus completely 
correcting the totally anomalous return (Fig. G). 

In the 92 patients operated upon, Avith a left-to-right shunt in the atrium 
who form the subject of this review, including both atrial defect and anomalous 
venous drainage, there have been 10 in whom along Avith an atrial septal de¬ 
fect one or more pulmonary veins drained directly into the right atrium, 
including the one mentioned above in Avhich all veins drained to the right. In 
3 instances the superior and middle lobe veins Avere the only anomalous ones, 
in 3 the inferior vein alone and, in the other I cases, all right pulmonary veins 
entered the right atrium. Wlien anomalous veins enter the atrium adjacent to 
a vena cava it is important to place an initial suture under direct vision and 
then be certain the cava is not obstructed, possibly by releasing the caval 
occlusion. 

Tavo of these 10 patients died of conditions probably unrelated to the 
anomalous pulmonary A'enous return. In one (Case 2), there Avas extensiA'^e 
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preoperative thionibosis of the pulmonary arteries with thrombus in the 
atrium and severe pulmonary hypertension. The other patient (Case 4), 
previously reported,= had been treated earlier by a closed method, at which time 




Fjg. 6—Anomalous pulmonarj return to tlic right of an atrial septal defect. A, In¬ 
cision of the adjacent septum is done posteriorly so that the flap of septum created can be 
readll> sutured anterior and to tho right of the entrance of the pulmonarj veins (B) 


it was not possilrle to correct completely the anomalous letuin of the inferior 
pitlmonary veui, in addition, .she developed infection about tlie sutures. At 
the second attempt to repair the defect, this time under hypothermia, fibrilla¬ 


tion occurred which was reverted to normal r>'vHim but tl. 


.is poor cardiac 
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recoveiy and later death. Later analysis of blood drawn for pH before the 
period of eireulatory occlusion demonstrated a profound acidosis. We do not 
have an adequate explanation for this event, the only time in our experience 
in which such acidosis has occurred. 



A' V Alrjr»ia\sep1^a.l defect 
Line of incision in 

Si' -L/ 






Wr Onifi'^e of 


sinus 


■ 


R.and L. 
puiin.w. 











Fig. G.—Case 1. Total anomaly of the pulmonary veins to the right of the atiial septum 
with a 1 cm. foramen ovale Complete repair was effected by incision of the septum and sutuie 
to the right atrial wall (F). 

Right Pulmonary Veins Into Right Superior Cava (Table I).—Fifteen pa¬ 
tients have been treated with anomalous drainage into the right superior vena 
cava, in 5 of whom all pulmonary veins drained anomalously. The first (Case 
21) was explored on the right, in 1949. After visualization of the abnormality 
the chest was closed with the intention of later anastomosis of the left venous 
trunk to the left atrium. She died in the ijostoperative period. The second of 
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these (Case 22) was not fully diagnosed until autopsy, the foiamen ovale 
having been sutuied thiough the atiial nell The thud (Case 23) had a total 
anomaly ivith all ot the leins diaining into a common pulmonaij venous 
chambei which c'mplicd into the suptiioi vena cava neai the entianec of the 



l<ig 74—Case 22 Drainage of ill pulmonary \oini. to a common \ein entering tlie 
superior \ena cava Attempted correction by closed procedure and a purse string suture 
directing tlie superior vena ca\al and pulmonary flow tlirough the septal defect to the left 
itnum 


azygos vein (Fig 7 ^L) He was Heated by a closed method in which a puise- 
stung sutuie was used to appioviraatc the caudal edge of the defect to the 
lateial wall of the right atimm, and the supeiioi vena cava was paitially oh 
stinoted above the point ot entrance of the pulmonary veuis (Pigs 7 *1 and 
7 B) Bj this means, the puhnonaiy blood was diiccted to the left atiium along 
with a paitial letniii ftom the suiieiioi vena cava Obstiuction of the snpeiioi 
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recovery and later death. Later analysis of blood draAvn for pH before the 
period of circulatory occlusion demonstrated a profound acidosis. We do not 
have an adecpiate ex])lanation for this event, the only time in our experience 
in Avhich such acidosis has occurred. 



Fig-, 6.—Case 1. Total anomaly of the pulmonary veins to the right of the atrial septum 
with a 1 cm. foramen ovale. Complete repair was effected by incision of the septum and suture 
to the right atrial wall (J5). 

Right Pulmonary Veins Into Right Sivperior Cava (Table I).—Fifteen pa¬ 
tients have been treated Avith anomalous drainage into the right superior vena 
cava, in 5 of Avhom all pulmonary veins drained anomalously. The first (Case 
21) Avas explored on the right, in 1949. After visualization of the abnormality 
the chest Avas closed Avith the intention of later anastomosis of the left venous 
trunk to the left atrium. She died in the postoperative period. The second of 
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these (Case 22) -ttas not fully diagnosed until autopsy, the ioiamen oiale 
having been sutuied thiough the atiial well The thud (Case 23) had a total 
anomaly with all of the leins diainiiig into a common pulmonaiy \enous 
ohamhei which imptiod into the supciioi ^ena ca\a iieai the entiance of the 



Iiijj 7 1 —Ca.sc 2-, Drainage of all imlmonary \eins to a common \eln entering the 
superior sena cava Vttempteil correction by closed procedure and a purse string suture 
lirecting the supeilor \ena caval and pulmonary flow through the septal defect to the left 
iti lum 


azygos vein (Pig 7 A) He was treated by a closed method in which a puisc- 
stiiiig sutuie was used to appioximate the caudal edge of the defect to the 
latent wall of the light atiium, and the supeiioi vena ea\a was paitially oh 
stiucted above the point ot entiance of the pulmonaiy veins (Pigs 7 .-1 and 
7 B) Bj this means, the pulmonary blood was diiected to the left atiiuin along 
with a paitial letuiii fiom the supciioi \cna can Obstiuetion of the supeiioi 
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vena cava thus required development of collateral vessels from the superior 
to the inferior vena cava. Except for the patient’s unwillingness to lie flat in 
the postoperative period and the development of superfleial venous collaterals 
there was no evident detriment to him as a result of this procedure. Catheteri¬ 
zation 30 months later, however, showed incomplete correction of the ab¬ 
normality. 



In subsequent patients, either with a partial or complete anomaly, the 
superior vena cava has been partitioned so that pulmonary venous blood is 
directed through the septal defect into the left atrium and the orifice of the 
superior vena cava is directed anteriorly into the right atrium. After explora¬ 
tory palpation of the defect the finger has been removed and the sutures for 
the partition placed from the outside. 'When suturing in the vena cava has 
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been completed the venae cavae are occluded and the repair completed under 
direct vision (Fig, 8). In all cases, the septal defect has been a high one near 
the orifice of the superior vena cava. 

This partitioning imposes some obstruction to the superior caval drainage 
but this vessel in association with anomalous retui-n has been unusually large 
and adequate room was usually available. Pressures have boon measured in 
both right and left atria and the superior vena cava after surgical partitioning 
and usually show an increase of 5 to 12 mm. Ilg in the superior caval pressure 
above that in the right atrium. In onb' one instance has a significant com¬ 
plication arisen as a result of the caval .sutures, the development of a chylo- 
thorax, presumably as a result of later further obstruction of the superior 
cava by thrombosis. All patients treated by the partitioning method survived. 

Two patients with drainage of all pulmonary veins into the right superior 
vena cava have been treated by partitioning the superior cava and directing 
the pulmonary venous blood through the high atrial defect with good result. 

A logical and simple solution to this defect would seem to be e.xeision of 
the partition between the pulmonary venous chamber and the left atrium and 
closure of the resulting larger atrial and superior caval defect. Although this 
would have been possible in 3 of the 5 patients, it would seem impossible in 
the other 2 as the pulmonary artery coursed between the pulmonary vcnou.s 
chamber and the left atrium (Fig. 9). 

In 2 patients (Cases 18 and 19), the fortunate combination of anomalous 
drainage into the right superior vena cava and the persistence of a hii 
superior vena cava allowed obstruction of the rigid cava with impunity. In 
both of these instances the rim of the atrial defect was simply sutured to the 
anterior edge of the superior cava, thus directing all of the caval blood to the 
left side, and tlic right superior cava was ligated oephalad to the entrance of 
the anomalous veins but eaudad to the entrance of the azygos vein (Pig. 10). 

All Pulmonary ycias Draining to Coronary Sinus (Table I).—Total anoma¬ 
lous pulmonary venous drainage into the coronary sinus has been seen in 3 
patients (Cases 26, 27, 28). In all of these, the anomaly could be easily cor¬ 
rected under direct vision by excision of the partition between the coronary 
sinus and the left atrium and closure of the single atrial defect, in essence, 
converting the double-barreled opening into a single one, the coronary sinus 
orifice being unusually large (Fig. H). In one of the patients, a sufficient 
portion of the septum was not excised at the niitial attempt and systemic 
hypotension with elevation of the pulmonaiy venous pressure was noted when 
the cardiopulmonary flow was restored. The bypass was again used and an 
.iilditional portion of the septum removed so that ultimately there was little 
Ki'idient of pressure between the pulmonary veins and the left atrium. Two 
i,f the patients have obtained a good result from the procedure. The third 
p ti in was an infant in whom the tine state of the anomaly was not appre- 
e, 111 "' before 'operation and an attempt to repair the atrial defect was done 
ui.h, 1 ’ ^ i.othermia. It was recognized that the left pulmonary veins drained 
int< ' I'ronary sinus but mistakenly thought that the right veins drained 
intu iip i-ht. After 8 minutes of exploration under visin- 'th caval 
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Fig. 8—Currentl.v emplo.\eci method foi coxiettfon of drainage to superior vena cava. 
Tlie supeiior \ena ca\a is paititioned, the pulmonary diainage being postuiior and tlie systemic 
diainage anterioi Aftei partitioning into tlie upper pait of the atimin the lepalr is completed 
undei direct vision and infiou occlusion with coionaij perfusion 



Fig. 9—Anomaly present in 2 of the 5 cases with total drainage into the supeiior 
\cna ca\a The passage of the right pulmonary artery between the atrium and the common 
pulmonary vein would pieclude excision of the septum between them m the repair. 
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occlusion, tlie circulation was re-established with the intention of a second 
period of occlusion for repair of the defect. Cardiac action deteriorated, 
however, and repair was not possible, the ciiild subsequently dying. 

In one ease, an unusual atrial defect led to the preoperativc su.spicion of 
anomalous return into the coronary sinus, largely bee;iuse of dilution of con¬ 
trast material in the lower end of a left superior vena cava. At operation 



during cardiopulmonary bypass, a defect was found between the left atrium 
and the large coronary sinus (Fig. 12). The pulmonary veins drained nor¬ 
mally. The absence of right-to-left shunt and peripheral arterial un.saturation, 
cardiomegaly, and great right atrial cnlargoniont .should lead to the correct 
diagnosis in such a ease. . ’ ,, 
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Fiff. 11.—A, Total pulmonary venous arainage to Uie coronary sinus. Tissue between tlie 
coronary sinus and the left atrium was excised, 

B, The resulting larger atrial septal defect closed in the usual fashion. 
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All Pnhnonary Veins Entering Left Superior Cava (Table I).—One of the 
commonest total anomalies lias been that in which all pulmonary veins drain 
into the persistent left superior vena cava. Seven patients have been operated 
upon for this anomaly, the first unsuccessful attempt having been reported in 
1950.° In 4 patients, an attempt was made to anastomo.se the left atrium or its 




Fjff. 12.—^Unusual atrial septal aefect between the coronary sinus and the left atrium 
initially diagnosed as anomaly of the pulmonary venous return. Repair effected by simple 
suture under direct vision with cardiopulmonary bypass. 


appendage to the left superior vena cava with subsequent partial or complete 
obstruction of the left superior vena cava craniad to the aim.stomosis. In all 
instances, the patient died as a result either of pulmor. ’ \insufa- 

cient flow of blood to maintain systemic arterial pi. ‘ tha'-' 
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the fundamental defieicncy in all these operations was an insufficiently large 
anastomosis to the small left atrium. For this reason, after success in treatment 
of patients with anomalous drainage into the right superior vena cava, it 
seemed logical to attempt repair by diversion of the right superior vena cava 
through the se]3tal defect to the left atrium with ligation of the systemic 
venous tributaries to the anomalous venous trunk (Fig. 13). This has been 
attempted in 3 patients, the last being successful. 



Piff. 13.—Case 35. Total pulmonary drainage to a persistent left superior vena cava. 
With cardiopulmonary bypass the right superior caval flow was directed by means of an 
Ivalon patch through the atrial septal defect to the ioft atrium. The right innominate .uyl 
azygos veins were interrupted so that pulmonary and left innominate venous blood retuiiiLU 
to the left atrium on completion of the repair. 

Essentially the same procedure has lieeu attempted in all 3 patients. The 
first, done with inflow occlusion under h 3 ''pothermia, failed because of im¬ 
proper suturing in a small infant. The second, no larger, and in severe failure 
died soon after an oiDeration coiosiderably prolonged because of oozing. Pul¬ 
monary edema was transiently present, probably due to overtransfxision. The 
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thud patient was an adult Mith cardiac cniaigement and pioyiessively limited 
activity Thoiacotoiny thiongh the fourth light inteispaee gave good tv 
posuie The supeiioi vena eaia i\as caiiiiulated thiongh the light innoini 
iiatc 10111 , which was later dnidcd, and the infeiioi cava thiongh the iieaiby 
atiial wall Blood fioin the venae cavae was led thiongh the eaidiopulmo 
naiy bypass and letnincd to a fciiioial aileiy An Ivaloii iiatoh was sntuied 
to diiect the supeiioi eaval flow, ivilh the entile pulmonaiy drainage, into the 
left atiiuin thiongh the septal defect The azygos lein was ligated, thus leai- 
ing Old} the left innonnnate leiii diainiiig nitli the conimoii pulmonary tiunk 
to the left lie has done nell since discliaige, has baiely peioeptible o}anosis, 
and Ins had striking reduetion in heart sire 

DISCUSSION 

Of the anomalies of the pulmonaiy venous letuin, the ones least tiouble- 
somc 111 snigical tieatment aie those m which there is drainage into the light 
amiele These can be leadily h.mdled b} methods outlined, simply tianspos 
ing the veins during lopaii On the other hand, such anomalies pose a con 
sideiable pioblein to the peifeotionist in diagnosis as, with available mtthods, 
it IS difficult to dcuionstiate the anomalous eonncctioii, somotimts imii with 
e\teiiial cNploiation 

Although OUL results iti tieating iiaticiits inth anomalous iituin into tin 
supeiioi lena ear a seem to justif}’’ contiiming' with this method of itpaii, »< 
aie not ceitain that as good or a bettci method might bt the use of a prosthetn 
mateiiil to eonstiuct a partition in the supeiior vena cava This would le 
quiK 1 gioatei period with the hcait open and thus itquiie the use of a cardio 
pulmonaiy bypass Oui leasons foi continuing vuth the method dtsciibtd, 
III I blitioii to the satistaetoi} insults, have been tiiofold Fust, one of the 
still mg features in out e\peinuental use of Ivalon was the stalling and con 
ti 111 I 11 which occuiied after the lapse of time This would seem an undesii 
abli e iture in this ciitical area of puliiioiiai} venous drainage, especially in a 
gri - child The second objection has been the gieatei iLsk, time involved, 
and -'iiitude of the opeiative pioceduie when the cardiopulmonary bypass 
IS use I s compared vnth inflow occlusion under hjpotheimia >Simplirication 
of b I s equipment will lemove this objection to its use, but we believe that 
paitili iiing of the supeiioi vena cava without a piosthisis may still bo tin 
metli 1 I t choice 

t niimbei of attempts have been made to treat total drainage into the left 
supei lot \ ena eav a, one of the commonest of the total anomalies Onl} two 
havf bftn successfulBoth of these vveie done with cardiopulmonary 
bypass mil anastomosis of the pulmonarj ecnous tiunk to the back of the left 
atiium thiough an incision in the light atrium and atiial septum The end 
lesuU ot tins method is prefeiable to the method desenhed here if an adequate 
anastonuisis can be obtauied Teehnicallv the method dcseiibed here maj be 
easiei I'nilber compaiison of the two proeedn M j^e, but either ls 
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the fundamental deficiency in all these operations was an insufficiently large 
anastoiiiosis to the small left atrium. For this reason, after success in treatment 
of patients with anomalous drainage into the right superior vena cava, it 
seemed logical to attempt repair by diversion of the right superior vena cava 
through the septal defect to the left atrium with ligation of the systemic 
venous tributaries to the anomalous venous trunk (Pig. 13). This has been 
attempted in 3 patients, the last being successful. 



Fig. 13.—Case 35. Total pulmonary draina^je to a persistent left superior vena cava. 
With cardiopulmonary bypass the right superior caval How was directed by means of an 
Ivalon patch through the atrial septal defect to the left atrium. The right innominate and 
azygos veins were interrupted so that pulmonary and left innominate venous blood returned 
to the left atrium on completion of the repair. 

Essentially the same procedure has been attempted in all 3 patients. The 
first, done with inflow occlusion under hypothermia, failed because of im¬ 
proper suturing in a small infant. The second, no larger, and in severe failure 
died soon after an operation considerably prolonged because of oozing. Pul¬ 
monary edema was transiently present, probably due to overtransfusion. The 
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thud patient was an adult with eaidiac ciiHigcment and inogiessively limited 
activity Thoiaeotoiny tiuough the foiiith light inteispace gave good e\ 
posuie The supeiioi vena cava was eaiinulated tiuough the light innonii 
nate leiii, which was latoi duided, and the infeiioi cava tiuough the iieaiby 
atiial wall Blood fioin the lenae ca\ae was led tiuough the caidiopulnio 
naiy bypass and letuincd to a feiiioial aiteiy An Ivalon patch was sutuied 
to diiect the supeiioi eanl flow, with the eiitiie pulmonaiy diainage, into the 
left atiiuni thiough the septal defect The azygos vein was ligated, thus leav 
mg only the left innominite \eiii diaiiung with the common pulmonaiy tiunk 
to the left lie has done well suite dischaige, has barely jieiceptible ejanosis, 
and has had stiiltiiig leduction in lient size 

DISCUSSION 

01 the anomalies of the pulmoiiaiv leiious ittuui, the ones least tiouble 
some in suigical tuatment ate those m which thtie is diainage into the light 
aiiiitle These can lie leadih handled hv methods outlined, simply trinspos 
mg the ttiiis dm mg icpaii On the othei hand such anomabes pose a con 
sideiablo piobltm to the peifectioiiist m diagnosis as, with available methods 
it IS diflieult to demonstiate the anomalous conneetion sometimes even with 
CNteinal exploiation 

aUthough oui results in tieating patients with anomalous return ml On 
supeiioi leiia cava seem to justify continuing with this method of lepsii we 
aio not ceitam that as good oi a bcttci method might bt the use of a piosthetn 
mateiial to constiuct a partition m the siipciior vena cava dins would le 
quiie a gioatei peiiod with the hcait open and thus leijuiie the use ot a caidio 
pulmonaiy hjpass Oui leasoiis foi contmuing with the method desciibed 
in addition to the sitisfaetoiy ivsults, have been twolold Fust one of the 
stiihing fcatuies in oui c\peinnental use of I%aloii was the siaiimg and eon 
tiaction which oeeuiied aftei tin lapse of time This would seem an undesii 
able featuie in this ciitical aiea of pulmonaiy venous diainage especially in a 
glowing child The second objection lias been the greater iisk, tune involved, 
and magnitude of the opeiative pioceduie when the caidiopulmoiiaiy bypass 
IS used as oompaicd with inflow oeelusion undci hypotheimia Simplification 
of bypass equipment will lemove this objection to its use, but we believe that 
paititiomng of the supeiioi vena cava without a piosthesis may still be the 
method of choice 

A numbei of attempts have been made to tieat total diainage into the left 
supeiioi vena cava, one of the comnioiiest of the total anomalies Only two 
have been successful” Both of these weie done with caidiopulmoiiaiy 
bypass and anastomosis of the pulmonar} venous trunk to the back of the left 
atiiiim thiough an iiieision in the right atiium and atiial septum The end 
lesult of this method is piefeiable to the method desciibed heie if an adequate 
anastomosis can be obtained Technically the method desciibed heie mav 1 
easiei Fuithei oompaiison of the two proeeduies must he made, InV ' 



796 


BAHNSON, SPENCER, AND NEILL 


J IhoncicSurK 
December, 1958 


the fundamental deficiency in all these operations was an insufficiently large 
anastomosis to the small left atrium. For this reason, after success in treatment 
of patients with anomalous drainage into the right superior vena cava, it 
seemed logical to attempt repair by diversion of the right superior vena cava 
through the septal defect to the left atrium with ligation of the systemic 
venous tributaries to the anomalous venous trunk (Fig. 13). This has been 
attempted in 3 patients, the last being sue(‘e.ssful. 



Fig. 13—Case 35. Total pulmonary drainage to a peisistent left superloi vena cava. 
With cardiopulmonary bypass the right superioi caval flow was diiected by means of an 
Ivalon patch through the atrial septal defect to the left atrium. The right innominate and 
azygos veins were interrupted so that pulmonary and left innominate venous blood letumed 
to the left atrium on completion of the repaii. 


Essentially the same procedure has been attemiited in all 3 patients. The 
first, done with inflow occlusion under hypothermia, failed because of im¬ 
proper suturing in a small infant. The second, no larger, and in severe failure 
died soon after an operation considerably prolonged because of oozing. Pul¬ 
monary edema was transiently present, probably due to overtransfusion. The 
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Discussion 

DR ALTON OCHSNEB, Jr, Houston Texas—I would Iil e to add brieflj to the fine 
discussion of Dr Spencei the experience we hive had in Houston since tin pump o\jgenitor 
has been available Specificallj, I would We to describe the method he referred to foi tot d 
correction of that anomalous venous return which goes into the systemic sjstem via the left 
superior vena cava 

(slide) TJus shows the total number of operabons for anomalous venous return since 
we have had the pump oxygenator The group I am most mterested in discussing todiy is 
the supracardiac group, that is, the pulmonaiy venous return comes into the systemic venous 
system above the heart via the left supciior vena cava 

(slide) The operation that we have performed emplojs total cardiopulmonary bj-pass 
Through a right atriotomj, wc have extended the atnal septal defect, and then in the posterior 
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superior to anastomosis o£ the venous trunk to the left atrial appendage as 
fiio waist of the lattei is often smaller than the diameter of the venous ti*unk 
Obstruction to pulmonaiy venous drainage must be prevented at all costs. 

Use of moderate hypothermia, inflow occlusion, and coronary perfusion 
for the repair of atrial septal defects has been satisfactory in our hands and 
we have not been embarrassed by anomalies of the venous retuni either un- 
suspe’eted or diagnosed before operation. We continue to use the techniciue 
because of its safety and simplicity, at least for the present, unless we suspect 
anomalous drainage other than into the right atrium or superior vena cava. 
For other defects and in infants we prefer (lie added time for exploration and 
treatment which eavdioimlmonnry bypa.ss allows. 

SUMMARY 

This report concerns 3u eases of anomalous pulmonary venous drainage 
into the right side of the heart, in IG of which the pulmonary drainage Avas 
totally to the right. This represents 38 per cent of the 92 patients treated 
during this time because of left-to-right shunt at the atrial level. 

Partial anomalous drainage into the right atrium can be readily treated 
with modification of the techniques used in repair of the simple atrial septal 
defects. For this, at least for the present, we use hypothermia, inliow oc¬ 
clusion, and suture under direct vision and have been satisfied with the method 
ill treating 10 patients, in one of rvhom all pulmonary veins entered the right 
atrium. 

When drainage is into the right superior vena cava, the cava has been 
partitioned to direct the pulmonary venous blood to the left side through the 
atrial defect ’which is then closed under direct vision with iuttow occlusion 
and hypothermia. All 11 patients treated by this method have obtained a 
good result. 

Cardiopulmonary bypass has been used in treating successfully 2 patients 
with total pulmonary drainage into the coronary sinus; one treated under 
hypothermia died, partly because the correct diagnosis was not made before 
death. Bypass has been used also to treat 2 patients rvith total pulmonary 
drainage into the hft superior vena cava, tiic one adult getting a good result. 
In these two conditions, cardiopulmonary bypass is considered essential to allow 
adequate time for exploration and treatment, a conclusion supported by poor 
results with other methods used in earlier cases. 
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mannging patients in tlio category, refeired to by Dr. Ochsner, m which all the venous return 
from the lungs goes into the superior vena cava. As was mentioned, these are very difficult 
problems to manage. We have used successfully the technique described by Dr. Spencer in 
his first 1 patients, anastomosing the common pulmonary \cnou3 return to the left auricle 
It has been said that the left auricle is too small to accept the pulmonary venous return and 
that this IS inherently an unsatisfactoiy technique. Wc are not comanced that the technique 
is nece^'?arily at fault, and we feel tliat with meticulous attention to details of managing the 
pulmonary problems, one may aclue\e a satisfactory result by an extracardiac operation in 
which the pulmonary \en 0 u 3 return is shifted to the left auricle 

(slide) Wo emplojed this technique in an infant, igcd 5 months, whose aortic pressure 
was Co mm Ilg and penplicral arterml oxygen saturation was 91 per cent. As jou can see 
from the diagram, all venous return drained into the left anterior cardinal vein area At 
operation we unwisely closed the atnal septal defect first The heart immediately behaved 
poorly and it was necessary to carry out .inastomosis by an extracardiac technique of the 
pulmonary \oms to the left auricle Wo did not use cardiopulmonarj bjpass originally during 
this ana‘»tomosia but, because we had to dislocate the heart so strikingly, it was essential to 
pull off blood from tho \enac cavac, which wore blocked, by turning the heart forward Tins 
permitted a one centimeter anastomosis to the auricle .and this infant is now doing well at 
10 montlis 

Tiio point I would like to cmjihasize is tint the los» of many of the&c patients with 
so c died pulmon.aiy* congO'ition may be preiintablo by uso of tracJicostomj and intensne 
efforts at clearing secretions from the ti icheobrouclnal tree Assisted respiration with a 
mechanical %cntilator is also useful at times, this infant had mechanical support of ventila 
tion through a tracheostomy for a wcoK before wo considered him out of danger At times 
during this period, the entire lung field showed ‘‘C\erc congestion and patchy atelectasis, except 
for one upper lobe Witliout the most intcnsne care, such patients will die of respiritor\ 
inadequacy to winch some residual dilbcuUy with pulmonary venous drainago mav contribute 
significantly. Establislimcnt of the coimettion between pulmonary’ vom and left auricle 
a transatnal approacli may bo more siti^tactory than the cxtracardiac approach used in our 
{Mticnt, since it may' permit a larger auistomosis ind also enlargement of the h’ft aurnie 
mtcmal reconstruction 

DR. ROBERT P Gf.OVEU, Philadelphia, Pa—The ingenuity shown In Dr Spencer 
and Dr Bahnson m the handling of the complicated cases m their senes is admirable Wo 
h.ive telt that most of the cases encountered m which an atrial septal defect is complicated by 
.inonulous venous drainage can be iiandled correctly by simple “closed surgicil” techniques 
For the most part, when partial anonulous \enous drainage is present, the atnal scptil defect 
IS of tho “secundum" type Under these circumstances, the septal defect can easily and 
perm.uiently bo closed by tho circumferential autuie introduced by Somlcrg urd and furtliei 
developed by Bjork Reimplantation of the venous anomalies, if tins proven to be necessary, 
tan also be c irried out quite as easily by dosed aiiastoinotic methods .as by open 

Pour recent c iscs exemplify this contention 

(slide) In two instances, the venous drainage from the upper itid middle lobes on the 
right entered the right atrium, in a common trunk well below' the orifice of the superior von i 
cava at .1 point just opposite the interatrial septal defect. By carrying the encircling suture 
anterior to this faulty site of entrance into the right atnal wall itself (not as normally'm the 
inter.atnal groove), the septal defect was tiglitly closed and the venous return redirected into 
tho left atrium without resort to aimstoiuotic measuics One of these patients, as subsequent 
events proved, should not have been operated upon by any technique, for she died 3 weeks later 
duo to an irieversible pulmonary vascular resistance of high degree. 

(slide) In the third case, three veins from the right upper and middle lobes entered the 
bupeuor vena cava just above the right atrium An ellipse of cava wall was excised containing 
all three veins and was re implanted into the left atrium with one anastomosis The septal 
defect was easily closed by tightly tying the previously placed circumferential suture without 
compromising the lumen of the transplanted vessels The result was excellent. 
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wall of the right and left atrium we have made a transverse incision into the common venous 
chamber wliicli lies directly behind the atrium. Here you see tlie line of incision, liere you 
see the opening. ’ 

(slide) Anastomosis is then made between this common venous chamber and the atrium 
utilizing this opening. Ne.xt, the atrial septum is swung to the right of tlie opening and 
sutured to tiie riglit posterior atrial wall. This enlarges the left atrium and swings the 
anastomosis into the left atrium. The atriotomy is closed and the final step is permanent 
ligation of the left superior vena cava. 

This has been a very difiicult group to repair previously, and this allows total correction 
of this anomirly at one operation. 

(slide) AVe have seen only 4 ea.se.s in which the anomalous drainage was via the left 
superior vena cava. The first was an adult. The patient developed cardiac arrest when the 
chest was opened; wo were unable to resuscitate him and he died. With the next 3, as you 
see, we have been successful. We have had 2 infants and one small child. In one, there was 
transient pulmonaiy edema, in one there was .some pleural elTusion. All of them are alive 
and well today. 

DE. J. L. EHEENIIAFT, Iowa City, Iowa.—As the experience with open intracardiac 
surgery increases, an increasing number of sometimes unsusimcted a.ssociated anomalies are 
encountered. Our experience up to date with total and partial anomalous venous return 
consists of 12 patients. Of those, one patient had anomalous venous return of the right lung 
without an associated interatrial septal defect and one had total anomalous venous return by 
way of a left superior vena cava. I would like to point out that the approach to and treatment 
of partial and total anomalous venous return is quite dilferent. Those two anomalies are 
two difi'erent things and should not be confused. Partial anomalous venous return of the 
right pulmonary veins entering either the superior vena cava or inferior vena cava is very 
common and is frequently encomitered during repair of interatrial septal defects. We would 
like to show you a very simple method of repair for anomalous pulmonary venous connections 
of the right lung entering the superior vena cava. 

All procedures are done under hypothermia. A modified atrioseptopexy was carried 
out, shunting the pulmonary venous return and, temporarily, the superior vena caval return 
through the interatrial septal defect. Next, the superior vena cava was transected between 
clamps above the eutriuice of the pulmonary veins into the superior vena cava. The lowermost 
portion of the superior vena cava was used as a channel for the pulmonary venous return while 
the upper segment of the transected vena cava was re-implanted into the right atrial appendage. 
In this manner, both venous streams were separated without obstruction of the superior vena 
cava or the pulmonary veins. This modification has definite merit in cases where the inter¬ 
atrial septal defect lies extremely high or when the superior vena cava is relatively narrow 
as it is often in children, preventing a splitting of the superior vena cava as has been demon¬ 
strated previously. 

We would also like to show you the type of repair carried out on the patient with a 
total anomalous venous return. This was encountered in a lO-year-old boy. The procedure 
was carried out under hypothermia. The total anomalous venous return drained into a common 
posterior venous chamber which connected witli the systemic venous return via a left superior 
vena cava. A large interatrial septal defect was present. The loft atrium and left ventricle, 
even though smaller than normal, were normally developed. Complete correction of this total 
anomalous venous drainage was accomplished on May 1, 195 (, The posterior pulmonary venous 
chamber was anastomosed to the left atrial appendage with a wide opening. The left superior 
vena cava was interrupted, diverting all pulmonary vtmous return through the titrial anasto¬ 
mosis into the left atrium. The interatrial septal defect was closed under direct vision during 
temporarj' obstruction of all inflow and outflow tracts of the heart. The patient made an 
uneventful postoperative recovery and is perfectly normal now. 

DE. EOLLINS HANLON, St. Louis, Mo.—I would like to compliment Dr. Spencer on 
this presentation, which I enjoyed very much. I want to emphasize certain principles in 
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managing patients in tho category, icferred to by Dr. Ochsner, in whicli all the \enous return 
from the lungs goes into the superior vena cava. As ^^as mentioned, these are very difficult 
problems to manage. 'We have used successfully the teclinique described by Dr. Spencer lu 
Ills first 4 patients, anastomosing the common pulmonary venous return to the left auricle 
It has been said that the left auricle is too small to accept the pulmonary -venous return and 
that this IS inherently an unsatisfaetorj technique. We are not convinced that the technique 
is necessarily at fault, and we feel that with meticulous attention to details of managing the 
pulmonarj problems, one inaj acluevc a satisfactory result by an e\tracardiac operation in 
which tlie pulmonary venous return is shifted to the left auricle. 

(slide) Wc employed this tccliiiiquc ni an lufant, aged 5 months, whose aortic pressure 
uas Co mm Ilg and poriplieral arterial oxjgen saturation was 91 per cent As you can see 
from the diagram, all venous return drained into tho left anterior cardinal vein area At 
operation we unwisely cloacd the atrial septal defect first Tlie licart immediately behaved 
j)Oorly and it was necessary to cany out anastomosis by an e\tracardiac teclinique of the 
pulmonary veins to the left auricle We did not use cardiopulmonary bypass originally during 
this anastomosis but, because wc had to dislocate the heart so stnkinglv, it was essential to 
pull off blood from tlio venae cavae, which wore blocked, by turning the heart forward This 
permitted a one centimeter anastomosis to tho auricle and this infant is now doing will at 
10 months. 

Tho point I would liKe to emphasize is tint the loss of many of these patients with 
socilled pulmonary conge-^tion uiaj be preventable by use of traclieostomj and intensive 
efforts at clearing secretions from the tritheobronchial tree Assisted respiiation with a 
meclianical ventilator i& also useful at times, this infant had meclianical support of vontila 
tiou tlirough a tracheostonij for a week before wc considered him out of danger At times 
during tins period, tJjo entire lung field shoued severe congestion and patchy ateleetTsis, eveept 
for one upper lobe Without tho most intensive care, such patients «ill die of lespintorv 
inadequacy to wliicli some roaidual difficulty with pulmonary venous drainage mav contribute 
significantly. Estabbslimont of the coniioction between pulmoiiarv vein and left auricle bv 
a traiisatnnl approacli may be more satisfactory than tho extracardiac approach used in our 
piticnt, since it may permit a larger anastomosij, and also 'nlaigement of the left aurnle b\ 
internal reconstruction 

DK. IlOBEllT P GLOVEIt, Philadelphia, Pa—TJic ingenuity sliown b\ Dr Spencei 
aud Di Biliiisou lu the handling of the complicated cases in their senes is admirable Wo 
have felt that most of the cases encountered m which an atnal septal defect is complicated by 
anomalous venous drainage can be handled correctly by simple “closed surgical” techniques 
For the mo’»t part, when partial anomalous venous drainage is picseiit, the atrial sept il defect 
IS of the ”secundum” type Under these circumstinces, the septal defect can easily and 
perminently bO closed by the eircumfeiential suture introduced bv Sondergaard and further 
developed by Bjork Re implantation of the venous anomalies, if this pioves to be necessary, 
(MU also bo earned out quite as easily by closi d anastomotic methods as by open. 

Four recent cases exemplify tins contention 

(slide) In two instances, the venous drainage from the upper iu<l middle lobes on the 
nglit entered the right atrium m a common trunk well below the orifice of the superior vena 
cava at a point just opposite the interatrial septal defect By carrying the encircling sutuio 
anterior to this faulty site of entrance into the right atnal wall itself (not as normally in tho 
interatrial groove), the septal defect was tightly' closed and the venous return re directed into 
tho left atrium without resort to anastomotic measures One of these patients, as subsequent 
events proved, should not have been operated upon by any technique, for she died 3 weeks later 
duo to ail irreversible pulmonary vascular resistance of high degree. 

(slide) In the third case, three vems from the right upper and middle lobes entered the 
superioi vena cava just above the right atrium An ellipse of cava wall was excised containing 
all three veins aud was re implanted into the left atrium with one inastomosis The septil 
defect was oisily closed by tightly tying the previously placed circumferontml suture without 
comproinisiDg the lumen of the transplanted vessels Tlie result was excellent. 
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(slide) A fourth ease was somewhat similar to the third except that the throe veins en¬ 
tering the superior vena cava were well above the right atrium and could not be stretched to 
tlie left atrium. A freeze-dried segment of an aortic arch was used to l)ridge tlie gap. Tlie 
largest of the three vessels was anastomosed to the arch itself end-to-end, the next largest vessel 
to the carotid stump end-to-end, and the third (very small) was simply ligated. The distal 
end of the graft was then attached to the left atrium, anastomosing the full circumference of 
the aorta to the incised left atrium. The result wa.s likewise most .satisfactory. 

Familiarity with the Sondergaard technique and its many possible modifications makes 
an approach such as described altogether feasible, safe, and satisfactory, without resort to 
more complicated methods. 

DR. SPENCER (Closing).—i have nothing further to say, and I would like to tliank 
the discussers for their interesting comments. 



PULMONARY RESECTION IN THE TREATMENT OF 
TUBERCULOSIS 

Experience With 1,730 Patients 


Raymond J. Barrett, Al.D. (by invitation), Hunter S, Neal, Al.D. (by 
invitation), J. C. Day, Al.D., Paul T. Chapman, Al.D. (by invitation), 

Paul V. O'Rourk e, Al.D., E. J. O’Brien, /II,D., and William Al. 

Tuttle, Al.D., Detroit, Alich. 

T he advekt of chcuiotliorai/y lias brought about profound chan ges in the 
trea" • . ■ ;i • ; ' , I he exnan - 

sion of by thes e 

c hanges, has been so rapid that definition of its limits has become inoreasu igly 
dilliu^ lt. The surgeon and Ins medical colleagues alike have been perplexed 
))y eonliieting evidence purporting on the one hand to support its further e\ 
pansion and on the other to indicate the need for contraction of its scope. 

The extensively involved lungs of the very ill often have miraculousl.i 
survived the initial infection with clearing of reiersible components of dis¬ 
ease, leaving behind permanently damaged tissue, the lemoval of which offeis 
the only hope for survival and rehabilitation. At the other end of the spec¬ 
trum, the antimicrobial agents have been found so successful in the coiitiol ut 
lesser amounts of disease that the area where surgery is indicated is not 
sharply defined. 

The accumulated experiences of many individuals and the cooperative 
studies of the VA-Armed Forces have done much to define the role of resec¬ 
tion but many questions remain unanswered. Only by critical appraisal of 
the results of a significant number of these procedures can any conclusions he 
reached and some of the questions be answered. That any surgical procedure 
must be judged by its results, and measured against the hazards involved in 
its employment, is a truism. When resection is employed hi pulmonary tuber¬ 
culosis, one must be certain that the moi-bidity and mortality attendant upon 
it is not excessive and that it offers a good chance for rehabilitation of the 
patient. Equally important is the obligation to the eommuuity to which tlio 
patient is returning. The patient must not be a menace to the communitj’ or 
his family because of infectiousness of sputum. 

From the Department of Thoracic Surirery, Herman Kiefer Hospital, ami the Depart¬ 
ment of Surgery, Wayne State University College of Medicine, Detroit, Midi 

Read at the Thirty-eighth Annual Meeting of Tlic American Association foi Tlioracic 
Surgery at Boston, Mass., May 16-18, 1968. 
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It is the purpose ol this report to present an analysis of our experience 
with pulmonary resection with particular reference to mortality, morbidity, 
the incidence of relapse, and the ultimate fate of the i^atient. With the cor¬ 
relation of various factors such as extent of disease, type of operation, infec¬ 
tiousness of sputum, age, race, and sex, complications, mortality, and the 
present status of the patients, it is hoped that some helpful information may 
l)e obtained. 

Perhaps certain disclosures may be forthcoming which will offer some 
help in defining more clearly the areas where resection can be employed safely 
and effectively and, more important, the areas where resection should be 
avoided because of excessively high risk. 


lUSTORIC.Vn SURVEY 

Although sporadic efforts were made to excise portions of lung before 
the turn of the century following the tragic experience of Block, resections 
were successfully accomplished by Tufficr in 1891 and Lowson in 1893. llow- 
evez-, the fir st planned lobeetomj'- for tzzbereulosis w as done by Frccdlandei: ^ 
in 1934. The follo^vil^g remarks concerning early experiences with resection 
in pulhzonary tuberculosis are cpiotcd from Jones’- historical review in the 
John Alexander Monograph Series": 

“In 1935, Eloesser and O’Brien each reported a case of one-stage lobec¬ 
tomy for tuberculous cavities; both patients died of a tuberculous spread to 
the remaining lobes of lung. In 1934, Beye inadvertcntlj'' but successfully 
1 ‘eseeted the right lower lobe of the lung for a saccular bronchiectasis, which 
on inieroseopieal study proved to be a tuberculous cavitated lung which had 
failed to heal following multiple thoracoizlasties. The latter patient had a 
broncho cutaneous fistula when last I'eported. In 193G, Lindskog had by ac¬ 
cident perfoi-med a left pneumonectomy on a tziberculous bronchiectatie 
lung, and a year later the patient was still febrile with fistula, a tuberculous 
infiltration and active disease with localized empyema. In 1938 Jones and 
Dolley reported their original series of five resections for tuberculosis, one of 
a number of small series of tuberculosis resections reported by several sur¬ 
geons. And finally in 1940, at the meeting of the American Association for 
Thoracic Surgery in Cleveland, there Avas a lengthy discussion on the subject, 
scAmral contributors reporting their oavzz limited series and results. It Avas 
obvious at this time that because of the complications of tubei-culous infilti-a- 
tion spreads, bronchial fistula, eizipyema and toxic pleuritis, most surgeons 
had lost their enthusiasm foi' resection in tuberculosis. At this meeting the 
collective series of the sevez-al contributors might bo sumiziarizcd in the folloAV- 
ing fashion; among the resectioizs, there Avere niizeteen cases of tuberculosis 
treated by total pneumonectomy, only three patients Avere considered Avell, 
six improved, and tAvo Avere failures. Eight of the izineteen patieizts Avere 
dead, a pneuizionectomy mortality of 40.2 percent. At the sanze time, the 
various participants in the discussion had a collectiAm series of thii’ty-one 
lobectomies for tuberculosis, sixteen patients Avere classified as Avell, six as im¬ 
proved, and one as uncez’tain. There Avei'C eight deaths reported, a lobectomy 
mortality of 20.5 percent. It Avas signifieaizt that in ten of the sixteczi patients 
considered Avell, tubercle bacilli Avere not found in the spiztum before the 
lobectomy Avas performed. The implication, however, izeed not necessarily 
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be made that these ■were eases ■who did not ha've active txibeiculosis, for it is 
doubtful if any of those patients ever had gastric or siiutuin cultures and an¬ 
imal inoculations before their surgeiy.” 

There followed a period of pessimism and discouragement because of the 
high ineidenee of complications and formidable inortahty rate A new im¬ 
petus ivas given to leseotion by the woik of Blades and Kent,^ and the \iews 
expressed by Chuioliill-* concerning the feasibility of the individual ligation 
technique, later populaiizod by Overholt,“ are now univeisally accepted and 
tJie technique employed 

The last bariier to the successful emplojment of lesection in pulmonaiy 
tuberculosis was leinovcd uith the discoveiy of the antitubei culosis diugs 
Dining the past decade, lesection has been accomplished with increasing fie- 
quoncy and safety and has laigely leplaeed other forms of snigical tieatment 

CLINIC IL, UVlElilVL 

The statistical data in this lepoit aie based upon our expeiience with 
pulmonary leseotion in tuberculosis duiiiig the period fioin Nov 1, 1949 to 
Dec. 31, 1957. Since the initial repoit on the fiist 202 lesections in oui senes, 
an additional 1,507 opoiations have been performed upon 1,528 patients 
These original operations are not included in this leport except that they 
appear in the total number of operations 

A brief lesuine of the results of the fiist 202 leseotions leieals an op 
native moitality of 0 9 per cent and a late moitality of 5 5 pei cent as of the 
date lepoited. There wcie 104 pneumonectomies, ot which 19 of the patients 
ate dead (18 per cent), and 98 lobectomies with 6 deaths (61 pei cent' 
Bronchopleural fistula occuried in 27, or 13 per cent, of the patients, and vas 
the major cause of deatli Spread of disease ooouriod in 14 pei cent of lobec 
tomies and 10 5 per cent of the pneumonectomies One hundred and seventj 
seven patients were living 6 months to 5 years later and 150 (85 pei cent) 
had negative cultures. A follow-up study of this initial group will be the 
subj'ect of a subsequent leport 


Table I. Composition' op Entiee Series by Age, Sex, and Eaoe 


AQL 

1 ^\HITI MMF 

1 WIIITC F'EM\I F 

MGRO M VLL 

1 MEGI 0 II-M Ml- 

(IK ) 

1 (PERCFNTI 

1 (PI U CENT) 

(PER CENT) 

1 (Pin CENT) 

0 15 

05 

25 

20 

45 

IG 29 

24 3 

40 9 

28 0 

50 5 

30 39 

23 7 

_>9 5 

24 7 

30 8 

40 49 

26 7 

13 9 

28 3 

10 3 

50 59 

20 2 

65 

15 5 

39 

00 69 

41 

07 

0 S 

00 

TotAl 

558 

447 

254 

311 


In the gioup curiently being analyzed, theie aie 1,528 patients on whom 
1,567 operations were peifoimed Theie weie 100 pneumonectomies, 787 
lobectomies, 579 segmental lesectioiis, and 301 wedge oi local excisions. Theie 
weie 35 bilateial lesections and 10 patients had second lescctions on the same 
side In Table I, showing the distiibution of patients aceoiding tn age, sex. 
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and race, it will be noted that the great majority of females, both wliite and 
Negro, were under 40 years of age, there being actually 55 per cent of them 
under 30 years of age; The males are more evenly distributed in the middle 
and older age groups, 50 per cent of white males being over 40 years of age 
and almost 25 per cent 50 or over. 

Table II, which shows the distribution according to extent of disease, 
reveals a very striking difference between the white and Negro groups. A 
very high percentage of both sexes in the Negro group had far-advanced dis¬ 
ease. Thus, it is seen that there are four rather distinct groups. The young 
white females have predominantly moderately advanced disease. The young 
Negro females have predominaidly far-advairced disease. The white males 
are middle-aged and have predominantly moderately advanced disease, and 
the Negro males are middle-aged and have far-advanced disease. 


Tabi-k II. Type op Dise.\sb by Race and Sex 



1 WHITE Male 

1 ( PER CENT) 


1 NEGRO MALE 

1 (PERCENT) 1 

j NEGRO EEMALE 
[ (percent) 

Primary 



■Unmiilii 

1.0 

Minimal 




•1.8 

Moderatev advaiit-ed 




33.0 

Far-advammd 


3G.-1 

5S.C 

61.2 


'Wlien the present status is related to sex and race, as is shown in Table 
III, it is seen that the females do far better than the males in both the white 
and Negro groups, 87 to 89 per cent of them being in the inactive group as 
contrasted to the white males, only 76.3 per cent of which are inactive, and 
the Negro males, 82.2 per cent of which are inactive. There are six times 
as many white males as white females in the active status. IMore white males 
are dead than white females. The over-all mortality rate is lowest in Avhite 
females (2.4 per cent) and highest in Negro males (8.0 per cent). Sixty, or 
3.8 per cent, are classified as active, and 1,293, or 82.5 per cent, as inactive. 
It will be noted that these percentages relate to the total in the series and 
not just to the survivors. 


Table III. Bresent Status by Race and Sex 



1 WHITE 1 

NEGPvO 1 



1 MALE 

1 FEMALE 1 

MALE j FEMALE 1 

TOTAL 

Aeth’O 

Inactive 

Dead 

Unknown 

■10 ( 7.2) 
425 (76.3) 
33 ( 5.9) 
60 (10.6) 

6 ( 1.2) 

386 (86.7) 

11 ( 2.4) 

44 ( 9.8) 

8 ( 3.1) 
206 (82.2) 
20 ( 8.0) 
17 ( 6.8) 

6 ( 1.9) 

276 (88.8) 

11 ( 3.6) 

18 ( 5.8) 

60 ( 3.8' 
1,293 (82.7) 

75 ( -l.S) 
139 ( 8.6) 


The total mortality figures and present status of activity are found in Table 
IV, listed according to type of operation. The operative mortality was 2.9 
per cent, and the nonoperative mortality was 1.9 per cent, or a total of 4.S 
per cent. The former represents any deaths related to operation, however 
far removed from it, and coincides with hospital deaths. The late deaths 
were those occurring subsequent to discharge from the hospital, including 
all deaths from any cause. 
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TABLL IV T\P{, OF OlERITIOf VERSUS PkESFNT STATUS 



\rrivF 


DEAD 

UNK\0\W 

TOT VL 

OPERATIVE 

\OSOPFP 

^TI^F 

Pneumonectomy 

4 

07 

12 

4 

13 

100 

Lobcctomv 

3S 

033 

24 

15 

77 

787 

Segment'll 

lo 

o07 

10 

S 

39 

579 

Wedge 


Si 

0 

2 

10 

101 

Total 

00 

1,293 

40 

29 

139 

1,567 

Percentages 

38 

32 5 

29 

19 

89 

100 


An intorohtiiif; paiadov is seen in the pneuinoneotomy gioup (Table V), 
as it 1 elates to the laige percentage of Negio females Wheieas thej make 
up onlj one fifth of the total senes, they eonipuso a thud of the pneunionee 
toniy gioup The} aie also conspicuous foi the absence of nioitihty, eithei 
opeiative oi late, as eontiastcd to an evtieniely high nioitality late in the 
Negio males (30 7 pei cent), and a high mortality lato in both sexes m the 
iihito gioup This veiy stiiking phenomenon is unexplained by an} othei 
tactoi than } outli since only 36 pei cent of Negi o females i\ ho had pneunionee 
tonnes weie beyond the ago of 30, as contiasted to 66 pei cent of white fe 
males, 77 pei cent of Negio males, and 93 pei cent of white males Actually, 
43 pel cent of alt white males who had pnennionoetomies weie be}ond the 
age of 50 


Table V Psluuonectomils iruses Pace and Sex 



I WIIITF 

j st’Cr 



TOTVt 

1 M\IF [ 


! M VLL 

1 

I FM VI L 


Actnc 

3 

0 

0 


1 


4 

Inactue 

16 

16 

6 


29 


67 

Dead 








Open ituc 

4 (14 2%) 

4 (154%) 

4 (10 7%) 


fl 


12 

Nonopcrati\c 

o 

1 

1 


0 


4 

Unknown 

3 

5 



3 


13 

Total 

28 

20 

13 


33 


100 


Table VT 

Lobectomies by Race vnd Sex 





1 wiim 1 

! NEGRO 

1 



[ M VLF I 

FEM \I E 1 

1 M \LE 1 

i EilAI F 1 

1 tot vr 

Active 

oo 

5 

6 

5 


38 

4 8% 

Inactive 

176 

162 

126 

169 


633 

80 5% 

Dead 








Operative 

12 (4 070) 

2 a 0%) 

8 (5 2%) 


( 1 07o) 

24 

31% 

Nonoperativc 

6 (2 4%) 

1 (0 5%) 

4 (2 6%) 

4 (2 0%) 

15 

18% 

Unknown 

30 

20 

10 

11 


77 

9 8% 

lot ll 

246 

196 

lo4 

191 


787 



■SVheu the lobeetomies aie analyzed by lace and sex, a stiiking difteience 
IS appaient between the sexes The operative mortality in the males is five 
times that in the females This again appeals to bi a function of age The 
peicentage of lobectomies classified as lUdctive is 80 5 per cent 
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Table VII, Segmental Eesections by Pace and Se.x 



WHITE 

1 NEGRO 1 

i 




MALE 

1 FEMALE 

1 litALE 1 

FEMALE 

TOTAL 

Active 


12 

1 

2 

0 

2.6% 

15 

Inactive 


204 

171 

62 

70 

87.5% 

507 

Dead 








Operative 


4 (1.6%) 

3 (1.6%) 

1 (1.4%) 

2 (2.6%) 

1.7% 

10 

Nonoperativo 


5 (2.0%) 

0 

2 (2.8%) 

1 (1.3%) 

1.4% 

8 

Unknown 


19 

11 

5 

4 

6.8% 

39 

Total 


244 

186 

72 

77 


579 

Table VIII. Wedge 

AND Subsegmental Eesection 

BY EACE and 

Sex 



1 WHITE ] 

1 NEGRO 




1 ~ 

i 

MALE ( 

FEMALE 1 

1 MALE 1 

FEMALE 1 

TOTAt, 

Active 


3 

0 

0 

0 

3 

3% 

Inactive 


29 

37 

12 

8 

86 ; 

86% 

Dead 








Operative 


0 

0 

0 

0 

0 

0% 

Nonoperativo 


0 

0 

0 

2 


2% 

Unknown 


R 

2 

0 

0 

10 

10% 

Total 


40 

39 

12 

10 

101 



Both the segmental resections and the wedge and subsegmental group 
did well as regards operative and late mortality and pi'esent status. The 
operative mortality was 1.7 per cent in segmcnteetomics and there were no 
operative deaths in the wedge and subsegmental resections. The percentages 
appearing in the inactive status in these two groups were 87.5 per cent and 
86 per cent, respectively, as would be anticipated. 

COMPLICATIONS 

The major complications of surgery were analyzed according to infec- 
tiousness of sputum in each type of operation. I'he total incidence of fistulas 
was 6.2 per cent. In patients with positive sputum, prior to operation, the 
rate was 11.4 per cent and, in patients with negative sputum, it was 5.1 per 
cent. This last figure is apparently the minimum incidence attainable under 
the best conditions in our series, i.e., the negative-sputum status. The in¬ 
cidence of bronchopleural fistula in lobectomy was 5.3 per cent but was thice 
times as high in positive-sputum cases as in negative cases. The highest in¬ 
cidence of fistula was in segmental resections with positive sputum, being 17.8 
per cent and somewhat higher than was anticipated, although we wore pre¬ 
pared for a higher incidence. Sixty per cent of fistulas in the segmental resec¬ 
tions, however, occurred in moderately advanced cases rather than in a 
preponderance of far-advanced, as we had auticij)ated in exidauation of the 
figure. Thirty-three of the 50 fistulas in this group, however, were in white 
males. Thus, two thirds of the bronchopleural fistulas occurred in white 
males who comprised only 42 per cent of the segmental resections. 

The incidence of nontuberculous empyema (bacterial empyema without 
fistula, predominantly staphylococcic) was 0.6 per cent and spread of disease 
was equally insignificant as a complication, being 0.7 per cent. 
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Table IX Coiiilicatio'js op SuKonKr \eksus Sputuji 






1 


1 BROVCIIOPLEUKVL 


1 SPREU) 


1 £-MP\EMA 

1 FISTULA 


Pucuiiiomctonn 

03 + 1/03 

1 6%( 

17e 

0 


4/63 

0 3% ( 

07. 

(100) 

37 - 2/37 

t> 4^ 1 

0 


2/37 

5 47>i 

Lobtctoinj 

lo5 + 0/15o 3 9% 1 

11% 


os% 

18/155 

11 6% 1 

3 3% 

(1871 

0}2-_V032 0 3%1 

5/632 ! 

24/032 

3 8%( 

Stgiuentil rtstttinns 

56+1/06 



1/ 50 

0 7% 

lO/oO 

17 8%) 

8 0% 

('579 

523-0 



3/523 

40/523 

7b9ct 

nsortions 

7 + 0 



0 


0 

) 


(101) 

94-0 



0 


1/94 

1 l%i 

3% 


+ 8/ 281 

2 5% 


1/ 281 

0 4% 

32/ 281 

1147. 



- 4/1,280 

0 3% 


8/1,280 

0 0% 

66/1 286 

3 1% 


To till 

12/1 507 

0 7% 


0/1,567 

0 67c 

OS/1 507 

6 2% 



+ liulicates pitientf] positixc piior to MirK<-r> 
- Indie ites piticntn negatUe urioi to surgert 


Alt analysis oi the fate of the patients with bronchoplcuial fistulas the 
total incidence of which tv as G2 pei cent, icveals that this eomplication is 
least seiious in segmental icseetions, although still lesultmg in a foimidahle 
12 per cent moitality lato, as noted m Table X The seriousness of bioneho 
pUuial fistula in pnoumoncetoiny is well known Of the si\ occuiiing in this 
seiies, 3 patients (50 poi cent) aic dead, and 3 (50 pei cent) aie active It 
is also a seuoiis complication m lobectomy, where it resulted in death in 2(i 
pel cent of the 42 patients with fistula Its seiioiisness is also leflerti d in tin 
10 per cent, 19 per cent, and 50 pei cent active status in segmental Ksirtnnis 
lobectomies, and pneumonectomies, icspectivclv The ovci all piieentagis t u 
the group wore 17 per cent active 55 pci cent inactive and 20 pei cent dn>l 


Tvdle X Fvte 01 BroNcuopLEtiLVL Fist l.i 


98/1,567 = 6 2% | 

\CT1\ E 1 

! IWCTI'E 

DE*VD 1 

l SKN AV S 

Pneumonectomies 

(100) 0 BPF 

I oliectoniies 

3 { 50% I 


3 (j0%) 


(7S7) 42 BPF 

^tjlincntil re-tetioiis 

8 ( lO^r J 

19 (JjT-i 

11 (26% 

4 1 

(579) 50 BPF 

B Ltljie rejections 

(101) 1 BPF 

5 ( 10% \ 

] noo*^ci 

30 (72%) 

a (127 I 

3 (67 , 


1" 90 

o5/99 

20/99 

7/99 

Total 99 

]■% 

55% 

20% 

7% 


REL.vrsi- 

Five ot 100 patients with pneumonectomies lelapsed 3 ot whom vveie 
liositive piioi to opeiation and 2 negative In the positive gioup, one thud 
aie dead and one thud aie active vvlule in the negative gioup, one half aie 
active 

There was a total of 51 ielapses in 787 lobectomies, a rate of C 5 per cent 
The incidence of relapse m the positive eases was 314 times that in the nega 
tive gioup 

The seiioiisiiess of lelapse m positive patients is emphaswed bj the fact 
that 111 1 elapses occurring ui positive sputum patients, +1 an ’ r 
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TiVBLB XI. Relapse versus Sputum and Operation 


WHITE MALE 

1 AVIIITE FEMALE | 

NEGRO MALE | NEGRO FEMALE 


100 Pneumonectomies 



+ — 

•f 

— 

+ 

- + 


IS 10 

Belapse 

IG 

10 

9 

4 20 

13 

2 0 

0 

0 

1 

0 0 

0 

11% 



11% 

15.4% 


+ 

3/G3 = 4.S% 


2/37 = 5.4% 


Total 

1 active 



1 active 



1 inactive 



1 inactive 


5/100 = 5% 

1 dead 







7S7 Lobectomies 



+ - 

+ 


+ 



CO 1S5 

li elapse 

42 

153 

21 

133 32 

150 - 

14 11 

2 

7 

4 

7 3 

3 

2.3.3% 5.0% 

4.S% 

4.G% 

19% 

5.2% 9.4% 

1.0% 


+ 






23/155 = 

14.9% 


2S/G32 = 4.4% 


Total 

IG active 



15 active 



5 inactive 


11 inactive 


51/787 = G.5% 

2 dead 



2 unknown 



cent mortality and 69 per cent of the patients are still active, as contrasted 
with no deaths in the negative patients with relapses and 53 per cent still 
active in the latter group. 

In 579 segmental resections, there were 25 relapses with an incidence 
twelve times as high in the positive as among the negative cases. There is one 

Table XII. RELiWSE versus Sputum versus Opetlvtion 


WHITE MALE I WHITE FEMALE 1 NEORO MALE | NEGRO FEMALE 




579 Segmental 

Besections 




+ 

+ 

— 

+ 

— 

+ 

— 

30 214 

10 

17G 

7 

()5 

9 

OS 

Belapses 







8 G 

2 

4 

4 

1 

0 

0 

27% 2.8% 

20% 

2.3% 

57% 

1.5% 

0 

0 



+ 


- 





14/5G = 25% 


11/523 = 2 

.K/o 


Total 


9 active 


7 active 



25/579 = 4.3% 


3 inactive 


2 inactive 





2 unknown 


1 dead 







1 unknown 





101 Wedge Besections 




+ - 

+ 


+ 

- 

+ 

- 

1 39 

5 

33 

0 

12 

1 

9 

Belapses 







0 2 

0 

0 

0 

0 

0 

0 

0 5.1% 

0 

0 

0 

0 

0 

0 


Total: 2/101 = 2%; both active 


Summary 

Pneumonectomy 

+ Sputum 

Lobectomy 

14.6% 

Segmental resections 

Total: 5% 

Wedge resections 

- Sputum 


3.3% 









Volume 36 
Number 6 


PULMONAKY RESECTION 


811 


death (1 pei cent moitality in the entile group) and the peicentage still active 
IS the same in both gioups 

Thoio were two lelapses in 101 wedge lesections, both of which aie still 
aetne Foi all types of opeiation, the iclajise incidence was 5 pei cent, how 
e\ er, it w is ovei foui times as gieat in the positive sputum cases as in the 
negatii e, oi 116 pei cent and 3 3 pei cent, icspoetively 

01 the total of 83 ielapses, 23 patients aie inactive (27 77 pei cent), 51 
01 53 pti (cut aie active, and 4, oi 5 pei cent, aie dead 


( \USI b Ql SURGIC IL, llORl \UT\ 


12 Fi icitiiiOlicr/oiiiii —- 

■n^ulmoiiaij insufficienci 
3 Bioiiehopleuial fistula —^ 

1 JIassue intaict 

1 I’ulinonaij edema ^ 

1 JIassno atelectasis of opposite lung ^ 
1 Imincdiate postopeiatiie, iiiicsplamcd 


31 Lnhcil anmrr 

7 Bioncliopletiial hstula 

J Tiansfusion leaetion and/oi lowei nephion sjndiome 

e llonioiiliagc 
Pneumonia 
Bmpyema 
Pulmonaiy edema 

1 llassive embolism to opposite mam pulmonaii aitei} 
1 Cciobiotasoulai accident 
v^AVound iiitcction with massive hcmoiihage 
Caidiac airest 
^ FBespiiatoo' msufficitncj 

GI hemoiihage 6 weeks postopciativeh 
2 Uiiexulained 


in Scrimentiil 

G Bionchoplttiial hstula 
1 Pulmonaiy msufficieiny 
y/l Spiead 
1 Hemonhage 

Myocaidial infaiction—clinical impiession 


The causes of stiigical moitality, as listed above, aie, foi the most pait, 
self ev-planatoiy It is noted, howevei, that the incidence of hionchopleural 
fistula as a cause of death, although still high, is not neatly so common a cause 
of death as in the initial senes lepoitcd Pulmonaiy insuffioienej, which ap 
peai s as the most ii equent cause ot death in the pneumonectomy group, would 
seem to indicate that a consideiably laigei gioup ot patients is opsiated upon 


with maigmal functional respiiatoiy lescive 


REVIEW or RESULIS OP OTHER SERIFS 

Theie is a stiilaiig similaiity iii the mortality, moihidity, and relapse lates 
and the piesent status of patients repoited m laige individual and collected 


series 
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The experience reported by the VA-Armed Forces study group is by far 
the largest, since it represents the combined results of about 40 participating 
Veterans Administration hospitals. It is summarized as follows by Ealeigh 
and Steele®: There were 5,054 pulmonary resections performed for tuberculo¬ 
sis between 1952 and 1956. The surgical mortality was 15 per cent in 259 
pneumonectomies, 3 per cent in 1,800 lobectomies, and 1 per cent in 2,254 seg¬ 
mental resections. Using the incidence of postoperative empyema as an index 
of surgical morbidity, the morbidity Avas 17 per cent for pneumonectomy, 4.5 
per cent for lobectomy, 4 per cent for segmental resection, and 1 per cent 
for subsegmental resection. They report that in a small number (18) of pneu¬ 
monectomies in negative-sputum patients there was no mortality or morbidity. 
A 10 per cent mortality rate and 20 per cent incidence of empyema was en¬ 
countered in those patients positive prior to operation. They also note that 
the mortality rate Avas almost triijled and the morbidity rate Avas four times 
as great in lobectomies in patients Avith positive sputum as contrasted to those 
Avith negative sputum prior to operation. 

Gale, Dickie, Rankin, and CurrerT report a series of 1,165 consecutively 
operated eases from 1944 to May, 1954. One hundred and fifty-eight patients 
Avere 50 years of age or older at the time of surgery. Thirty-eight Avere more 
than 60 years old. There Averc 36 operatiA'o deaths (3.1 per cent) ; 21 folloAv- 
ing pneumonectomy, 13 folloAving lobectomy, and 2 folloAAung segmental resec¬ 
tion. There Avere 39 (3.3 per cent) nonoperative deaths. Ninety-one per cent, 
1,015 of 1,115, Avere clinically Avell and inactive. Tavo per cent are classified 
as having active tuberculosis. 

Robinson, Jones, Meyer, and Reding® reported a 12-year experience Avith 
465 resections in Avhich the operative mortality Avas 2.8 per cent and the late 
mortality Avas 2.4 per cent, a total mortality rate of 5.2 per cent. In the 
long-term, streptomycyin-treated patients, the mortality and complication 
rates Avere reduced to 1.7 per cent and 7.6 per cent, respectively, from 16 
per cent and 26 per cent, respectively, in the pre-streptomycin period. Tlie 
folloAV-up study included only 190 cases (144 lobectomies and 45 pneumonec¬ 
tomies) from the BarloAV Sanatorium in Avhich the over-all operative mortality 
Avas only 2.1 per cent of 150 patients having resection betAveen 1943 and 1953, 
inclusive, and folloAved for 1 to 11 years. One hundred and thirty-one 
(94 per cent) had negative sputum. Of 104 thoracoplasty patients folloAvecl 
the same length of time, 85 (82 per cent) had negathm sputum. 

Bickford, EdAvards and co-Avorkers® revieAved 1,575 operations done from 
1947 to April, 1956. There Avere 27 operative deaths for the fvdl series, a rate of 
only 1.71 per cent. A 5-year folloAV-up on the first 399 shoAved a 2.25 per cent 
mortality and a 5 per cent fistula rate. Three hundred and forty-seven, or 
87 per cent, Avere clinically Avell and 29, or 7 per cent, Avere active or disabled. 
IIoAvever, there Avere only 19 patients over the age of 50 of Avhich 2 died 
(one had had a segmental resection and one a pneumonectomy) and 4 de- 
A’^eloped empyema. ReactiA'^ation occurred in 14 per cent. The causes of death 
included 6 due to pulmonary embolism Avhich, in our experience, has been 
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laic They state that they have taken a moie conseivativo appioach to the 
e.iscoub nodules and e\eisc onh those o\ei 2 5 cm in dianietei The\ use 
space reducing thoiaeoplasty ni everything except iiiiiioi segmental lesec- 
tions 

Iliidcs and &togeiliook'“ lepoit on 700 lesections done between Octobei, 
lOdO, and Pebiuary, 1954 By Pebuiaiy, 1955, 23 of the patients had died, a 
11101 talitj'’ of 3 3 pel cent A total of nine tiibeiciilous, and tom noiispeoifie, 
empyemas weie observed The numbci of i elapses m a follow-up of 2 to 5 
ycais amounted to 7 pei cent On Feb 1, 1955, 92 pei cent of the patients 
weie 11 ell 

Sii Clement Piiee Thomas'* lepoits that m 36G cases, theie was a total of 
28 deaths, a moitality late of 7 65 pei cent Theic weie 2 eaily deaths in 107 
lobectomies (186 pei cent), 4 eaily deaths m 194 segmental resections (206 
pel cent), and 12 oailj’- deaths in 65 pneumonectomies (18 46 pei cent) In 
85 patients uho had open cavitation at the time of opeiation, 17 died in the 
hospital, a moitality late of 20 pci cent 

Chanibeilain and IClopstoch"* state that in then own original senes of 
300 segmental lescctions, lepoited m 1953 and followed from 1 to 5 yeais, 
93 7 pel cent iveie living and well, 3 pci cent weie living with disease, and 
3 pel cent veie dead Nine out ot 300 died, 3 (1 pei cent) as a lesult of op 
ciation, and 6 (2 per cent) fiom postopciative complications, or as a lesult 
of secondaiy opeiations foi contiol of complications The niajoi complicn 
tioii was bionehopleuial fistula in 5 3 pei cent Theie i\eie 18 exaceibations 
111 the entiio soiies (6 pei cent) In an additional 700 patients, tiny indicatf 
moitality latcs and inoibidity latcs coiiipaiable to those in the VA Aimed 
Fotces seiics which are 1 pei cent and fiom 2 to 6 pi i cent, lespectively 

Robinson and Corpe" lepoit a senes of 119 pneumonectomies which com 
pnsed 16 pei cent of 746 pulmonaiy resections done at Battey State Hospital 
fiom 1948 to 1957 Almost all patients weie operated upon in the face down 
position and all were connected to water seal diaiiiage for 28 hours, legardless 
of the absence oi pieseiiee of thoiaeoplasty A concomitant thoiaeoplasty 
was done if the patient was in good condition Ninety seven were peiformed 
foi “dcstioycd lung” and 14 for thoiaeoplasty failiiie Theie weie 8 suigical 
deaths 111 patients witli positive sputum (9 4 pei cent) and 2 deaths in pa 
tieiits with negative sputum (6 pci cent), the total moitality rate being 8 4 
pel cent The tubeiciilous complications m the gioup with infectious sputum 
aie listed as 7 bionehopleuial fistulas, 8 tubeiciilous empyemas, 2 of chest wall 
tubeiculosis, 4 spieads, and 19 in which theie vas disease of the liionehial 
stump Theie weie 5 late deaths foi an oici all moitality of 12 6 poi cent 

In a leeeiit commiinicatioii, Coipc and Blalock'* have studied a gioup 
of patients with peisisteiit cavitation and noninCectious sputum aftei dis 
charge fiom the hospital The idaiise late in 159 patients has been 8 8 pei 
cent They had been negative for a mean aveiage of iieailj 16 months piioi 
to dischaige and have been followed foi a peiiod of 3 to 48 months (only 26 
followed foi less than 1 year) 
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The death rate was 3.8 per cent but they had not had baeteriologic ov 
roentgenographie relapse. In a small group oL‘ patients who had refused 
.surgery, 8.3 per cent have had reactivations. Among 38 patients in whom 
drug therapy was discontinued, there have been no reactivations to date. The 
authors express considerable optimism as regards this policy and state that 
the experience serves someAvhat to counterbalance their previous concept that 
these cavities should be removed surgically or collapsed by thoracoplasty 
prior to the time when the patients could hope to return to their families and 
earn a living. 

The experience of Bell and associates'® has been at variance with this. 
In a comparison of the results of medically treated and surgically treated pa¬ 
tients with “open-negative” syndrome, they report a relapse rate of 43 per 
cent in a group of 118 treated medically and a relapse rate of only 8.4 per cent 
in 153 surgically treated patients. They conclude that pulmonary resection 
is valuable in improving the over-all results in patients with “open-negative” 
syndrome. 

Cole and Alley"^ present an analysis of 513 patients of which 15 died 
within 90 daj'^s (2.9 per cent), 10 died late (1.9 per cent), and 8 others died 
apparently unrelated to surgery or tuberculosis, making a total of 4.8 per cent 
deaths for surgery and tuberculosis, and a 6,4 per cent over-all mortality. 
Foilow-up over 1 to 5Vo years indicated good results in 85.4 per cent, 

A report of relapses occurring after rcvsection for pulmonary tuberculo¬ 
sis by Hekking^® showed a relapse rate of 7.4 per cent in 525 eases of resection 
observed from 2 to 6 years. 'I'lie conclusion is reached that the relapse rate 
has decrea.sed since the introduction of pulmonary resection. The chance of 
development of relapses after pulmonary resections is increased by resection 
of cavitary processes, by resection in the active stage, and by resection in pa¬ 
tients who haA'e shown a low resistance against tuberculosis. 

DISCUSSION 

Our attitude toward resection over the years has been a conservative one. 
In general, it can be stated that our indications consist mainly of cai'itary 
lesions and significant caseous nodular i-esiduals, with or Avithout positive 
sputum, that persist after 6 to 8 months of chemotherapy. 

It is obAdous that the extent of resection Avill depend largely upon the 
distribution of the lesion and other anatomic and technical considerations. 
When consistent Avith these limitations, it is our policy to excise the least 
amount of lung possible Avith a aucav to minimal encroachment upon pul¬ 
monary function. In the light of this policy, it can be seen that an incAutable 
consequence has been a steady decrease in the number of pneumonectomies 
and a sharp increase in the number of segmental and subsegmental resections. 
The foimier noAV represent less than 2 per cent of all resections and the lattei 
accounted for 43 per cent of all resections in 1957. 

Although a rather higher incidence of fistulas Avas encounteied in seg¬ 
mental resection, the mortality Avas not significant enough in relation to other 
considerations to alter the trend toAvard its more frequent use. IIoAvever, 
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when the leinoval of eavitaty lesions with positne sputum is contemplated, 
even though dealing has oeeiiricd in the othei segments of a lobe, it is 
thought unwise to perfoim segmentectomy because of the danger of tiansee 
tioii thiough disease in the inteisegmcntal plane This applies paiticularly 
to the light uppei lobe lesions whcie lobectomy is often piefeiable 

The majoiity of modeiate sized lesiduals with oi ivithout cavity, which 
aie reasonably well localized, present no partieulai pioblem It is geneially 
agieed that the indication foi icsection of these lesions is dear and, indeed, 
niandatoiy 

The smallei iiodulai lesions must be assessed on the basis of such fac 
tois as age, se'^, pieiious behavioi of the lesion, and prioi bacteiiologic status 
lathci than any aibitiaij' lowci limit of size It is felt that the majoiitv of 
these small lesions lepiesent dangcious souices of reactivation and that 
piophylactic icsection is indicated The followup studies of compaiable 
lesions tieated modically aie fai fiom conclusive as legaids the piotection 
affoided against idapse by long teim chemothciapy 

At the othei evtiemc, in the iMclelj distiibuted lesions, an aggiessive ap 
pioadi IS fiequently dictated, despite admittedly lughei opeiative hazaids 
when it seems feasible to lemove icsidual aieas of disease which appeal to be 
dangcious foci from the standpoint ot the piobability of subsequent icaetna 
tion Such lesions can be opeiated upon with leasoiiable safety when lespin 
toiy leseive pouiiifs When such factors as age, emphysema, pool pulmnnaiv 
leseive, and geiieial debility combine to ineicase opeiative iisK signiflcanth 
a eonipiomise must bo made occasionallj m favoi ot piolonged dn mothei ipv 
even in the unequivocal open negative lesion 'When cavity is not definitdv 
disceiniblo by laminagraphy and the above factors obtained the decision will 
peihaps even more often bo made against resection 

The unequivocal indication foi the employment of suigical eveision is 
the persistelnce of positive sputiim in the face of an atlequate tiial of dremo 
thcrap;^ It is iinfoitunate that this gioim of naticnts in whom siiigeiv is most 
uigeptl y neede d, su ffcis the highest complicstion into and moitalitv legaid 
less of the tvne of l e.SPctiniinl pio nfrlntn nmplnyod This IS stiikingly illiis 
tinted by the fact that in the 18 nci cent of mhents m this lenoit. vvho~liad 
posi tive smitiim imiiiedi!itdv_ ]vcioE-<iv-oppintinn, the m ortality rate was 13 pe l 
cent, and 13 poi cent ielapsed This gvoiH>-of-ptrtients-vvttli-}3esitiv-8-sj)utuni 
was lesponsiblc foi one half of the opeiative deaths, one half of the idnps es, 
one_thiid of the bionehopleuial_fistulas, and two thuds of the spieads t hat 
opcni 1 Cflin thp e ntire se nes 

In view of the almost ceitain failiue of tieatment and guve prognosis of 
this group without siiigeiy it is felt that these significantly highei moibidity 
and moitality lates aie not excessive and must be accepted and eveiy pos¬ 
sible effoit made to lemovc the raajoi icsidual lesion The eontiol of le- 
mainmg widely scatteied aicas of disease must then be entnisted to what- 
evei available diugs may be most effective 

The successful management of this difficult pioblem uiiuiies the closest 
collaboration of the suigeon and his medical colleagues significani 'vage 
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rate in this group can be achieved only by careM preoperativo assessment of 
cardiopulmonary capacity, the evaluation of the severity of associated degen¬ 
erative disease, the manipulation of available drugs to best advantage, the 
skillful application of surgical techniques and the exercise of good surgical 
Judgment. 

Our experience demonstrates that the relapse rate following surgery is 
not great, being 5.0 per cent for the entire group. However, these patients 
who relapse have done very poorly, since approximately 70 per cent of them 
are still active or have died. The over-all experience in our clinic Avith both 
medical and siirgical relapses is that about two thirds of these recover. The 
disadvantage Avhich obtains in the surgical case is explainable by the ex¬ 
haustion of medical and surgical resources in attaining the inactive status 
in the first place. The control of many of these individuals is a temious one 
at best and often Avas accomplished Avith patients Avho had had extensive chronic 
disease of long duration. Furthermore, they are often elderly and have had 
a poor response to chemotherapy for a AUiricty of reasons. 

Resectional surgery has proved to be a valuable adjunct to the treatment 
of pulmonary tuberculosis and has become increasingly safe in conjunction 
Avith adequate preliminaiy treatment Avith the antituberculosis drugs. Its 
usefulness in a broad central area Avhere the indications arc unequivocal is 
such as to demand its employment. Its value as insurance against relapse 
is such that prophylactic resection must be seriously considered even in very 
small residual lesions. A posith'C, even aggressive, approach to the problem 
of the group of patients Avith extensive disease in Avhom the prognosis is othei-- 
Avise grave is believed to be indicated if undertaken Avith duo regard to the 
limitations imposed by loAvercd pxdmonary function, emphysema, and ad- 
Amnced age. 

SUAIMARy 

x\. revicAV of our experience Avilh jxulmonary resection in the treatment 
of tuberculosis at Herman Kiefer Hospital has been presented. A total of 1,769 
resections has been performed xipon 1,730 patients. The current status is 
knoAvn in 91.4 per cent of the patients. The last 1,567 resections liaA'C been 
examined in some detail. The oneratiA^e-nioj lalitA’’ Avas 2.9 per cent and the 
late m m-tnlitv 1 9 pp.c- cmit,^ a total mortality from all causes^ALiiS-HCJ’ cent. 
There is still act ive disease in .3.8 ner c ent. 

The incidence of bronchopleural fistula A vas 6.2 per cent. 

Relap.^p.. ^ccixrrcf1 in 83._p a±iont:Sr’ a total incidence of 5 per c ent. Four 
of these have died, a mortality rate of 4.8 nC-H jifint, an d_62 per ccnt^ tilldiave 
acti ve disea se. 

The seriousness of positive sputum at the time of operation is reflected 
in a significantly higher morbidity and mortality rate. Despite this higlici 
operative hazard, the continued use of resection in this difficult area appears 
justified. 
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Dining the past year, 297 lesections have been perfoimcd with a total 
moitality ol only 1 3 per cent, or less than half the inoitahty late of the cntiie 
seiies 
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PULMONARY INFARCTION COMPLICATING SEGMENTAL 
RESECTION 

John AI. Salyer, Colonel, AIC, USA, ami Harold N. Harrison, Captain, 

AIC, USA, Denver, Colo. 

INTRODUCTION 

A r THE PRESENT ti:me, tlie inoTtality rate lollowing pulmonary resection in 
the treatment o£ tuiierculosis is very low indeeii—an impressive and highly 
favorable rate never considered possible a few years agod Such imposing re¬ 
sults, however, are not evident when untoward morliidity and complications 
following resectional therapy are analyzed. The magnitude of tiiese problems 
is reflected in the voluminous literature, Avhich has apjieared since 1946, dealing 
with postoperative complications. 

Early in 1954, one of us (J. !M. S.) was impressed by the gro.ss appearance 
of a subsegment of pulmonary parenchyma, seen at secondary thoracotomy, 
which had the gross characteristics of infareted tissue; this subsegment com¬ 
prised approximately half of the raw surface of the remaining anterior segment 
of the right upper lobe following apical and posterior segmental resection of 
tuberculous residuals 10 days previousl}'. Numerous alveolar air leaks, pro¬ 
ducing a tension pleural space and prompting the secondary thoracotomy, were 
visualized over the irreparably devitalized subsegment of lung; an interseg- 
mental vein coursing over the infarcted lung was thrombosed without evidence 
of proximal ligation; incision into the discolored subsegment produced no bleed¬ 
ing. This necrotic lung tissue was easily removed from the underlying normal 
subsegment, by traction and blunt dissection, down to the subsegmental bronchus 
which was divided and closed; no appreciable surface air leaks were then evi¬ 
dent, after which a limited modified thoracoplasty was performed, with under¬ 
water-seal pleural drainage. Subseciuent recovery was uneventful. The patho¬ 
logic diagnosis was “infarction of lung tissue; no evidence of a specific granu¬ 
lomatous process.” 

Since becoming aware of this problem of localized postrescction infarction 
of the lung, 399 additional segmental resections have been performed at Fitz- 
simons Ai’my Hospital. Following these procedures, 14 patients, or 3.8 per cent, 

EYom the Department of Surgery and tlie Pathology Service, Fitzsimons Army Hospital. 
Denver 8, Colo. . , . 

Read at the Thirty-eifirhth Annual iVIeeting of The American Association for Hioracic 
Surgery at Boston, Mass., May lG-18. 1958, 
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ha\e developed complications, similar to those lelated above Appaiciitly, this 
pathologic entity has not occuried in the expeiieiice ot inaiy thoracic suigeoiis 
01 has piogiessed to the stage of bionchopleuial fistula, empjema, oi henioiiliage 
befoie secoiidaiy collective suigical measures aie undeitaken 

Duiiiig this 4>eai peiiod, we have become incieasiiiglv iamiliai with the 
clinical and loentgenogiapliic ehaiacteiistics of this postopciative complication, 
and with the method of management we coiisidei piopei when such difficulties 
aiise Suggestions as to pievention will be presented 

RFVIEW or THE LlTFRVrUIll. 

Ill legaid to the suigical aiiatoinj of the pulmonaiv vasculatuie, Appleton," 
111 1944, was impiessed with the dcgiee to which segments of the light iippei 
lobe vvcic supplied by tiaiis segmental artciies In 22 pei cent of 50 cases in 
his studj, the posteiioi segiiiLiit was supplied bv leeuiient blanches of the 
apical segmental aitones In 8 pei cent, the posteiioi segment was fed in pait 
by blanches of the aiiteiioi segmental artciies Similaily, the apical segment 
leeeived its blood supph paitially fiom laiiii of the anteiioi segmental aiteiv 
The anteiioi segment leccived additional bianehts fiom eithei the apical oi 
the middle lobe aiteiies in anotlici 8 pci cent of specimens Fiom such findings 
it may be concluded that the possibility of impaiiiiig the anomalous aiteiial 
blood supply to ,m isolated uppei lobe segment is not iiisigiiificint In addition 
Appleton was the fiist anatomist to lelate the pulmonaiv veins to the inteiseg 
mental suifaco and speculate upon then suigical sigiiific iiici 

Uiifoitunatoly, the undeistanding of the pulmonarv vasculature is beset 
by the difficulty of multiple tcimiiiology and vaiious iiivestigatois have at 
tempted to impiove the situation in diifeicnt ways Oveiliolt and covvoikeis^ 
suggested that the venous diaiiiage of the bionchopiilmonary segment consisted 
of lobai veins having both segmental and iiiteisegmental tiibutiiies Bojdcn' 
felt that this was oveisimplification but suigically significant in dissection ot 
the inteisegniental plane 

The teclmifiue of segmental lescction was giaduallj peifccted aftei the 
anatomic concept of the bioncbopulmonaiv segment was advanced In 1939, 
Cliiirchill and Belsey lepoitcd the emplojmeiit ot this techiiiquo in the suigical 
tieatmcnt ot bionchiectasis, the undeilying aim buiiig to pieseivo as iiiucli iioi 
mal lung tissue as possible Clagett and Deteiliiig'' also adapted this tcchni(|UL 
to the lingula for the tieatment of bioiichicctasis The fiist significant seiios 
of segmental resections in the maiiageinent of pulmonary tuberculosis was le 
ported by Cliambeilain and Klopstock, in 1950 They lecorded 72 cases so 
tiBated and were encouraged to continue its use, noting that there was a decided 
decline in the iiumbei of postopeiative complieatioiis as then tecliiiieal skill and 
postopeiative eaio impioved 

Clagett,” appieeiating the anatomic concept of the bionchopulmonaiy seg 
ment, applied the “tiaetioii” dissection tcclinitpie, bogniiiing at the hilum, a 
method, with slight modifications, emplojtd by most thoiaoie suigeoiis todaj 
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itially, Clagett infolded the raw surface area, a procedure which apparently 
I to numerous complications. Ovcrliolt left the segmental surface open and 
owed the lung to “bi’eathe.”^ 

Chamberlain and Klopstoek cautioned in regard to the dissection of the 
't upper lobe hilum noting that there was often an anomalous arterial supply 
the anterior segment arising from the parent artery to the apical segment as 
scribed by Appleton and Boyden.-- »' » They pointed out that ligation of 
2 h vascular structures, before proper identification, might lead to serious com- 
ications. These investigators also clearly visualized the intersegmental veins 
receiving tributaries from both sides of the intersegmental plane and advised 
t'eful dissection and preservation. Cliamberlain and Klopstoek also suggested 
at “it is a good general rule to delay tlie division of any vein until absolutely 
cessary. ”' 

Most of the experimental work in the pathogenesis of pulmonary infarction 
s dealt with embolization or ligation of the pulmonary arterial tree. Although 
caretion of pulmonary tissue may occur in the presence of sudden occlusion 
a large pulmonary artery in a liealthy animal, it is not the usual course of 
pnts.®’ It is well established that an^' condition leading to the production of 
•ions venous stasis predisposes to subsecpient infarction of arterial origin. 

Ameuille and co-workers” were concerned with the character of collateral 
•eulation developing in the presence of pulmonary venous ligation. Only 4 
10 dogs survived his intrathoracic procedure and these were sacrificed at 
tervals up to months after which injection studies revealed marked vas- 
larization of the overlying pleural plaque, opposite the operative site, forming 
[lateral vetrous channels. Such a mechanism of venous return is absent in 
aonexpanded isolated segment such as occurs in complicated segmental rcsec- 
m. In 1938, Reinhoff,^- in describing a two-stage technique of pneumonectomy 
r bronchogenic carcinoma, referred briefly to the danger of inadvertently 
:ating the superior or inferior pulmonary veins. He suggested this could lead 
moist gangrene. He cited, however, no specific cases and did not speculate 
ion the pathogenesis. Brantigan,“ and Kent and Blades,” in discussing the 
atomy of the pulmonary lobes, implied that gangrene might result if the 
nous drainage of the related lobe was interrupted. In 1948, Swan and Mulli- 
n” did experimental ligation of pulmonary veins in dogs. Pathologic study 
vealed severe fibrinopurulent pleuritis with vascular adhesions, intense hyper- 
lia, hemorrhage and edema of the alveoli and bronchioles, and increased sus- 
ptibility to infection. They noted thrombosis of the veins but did not ob- 
rve extensive tissue necrosis. They concluded that, in spite of the initial 
ngestion and alveolar hemorrhage, the lung eventually recovered with ap- 
oximately a 20 per cent decrease in functional capacity. Perliaps in these 
periments, the rapidly developing vascular pleural plaques bridged the gap 
eventing acute lobar pulmonai*y venous insufficiency. IVyatt and co-woikeis 
nducted a similar canine study and noted the importance of antibiotics (peni- 
lin) in pi’eventing severe postoperative infection predisposing to infaiction. 
ley wei’e imprc.ssed with the extent and vascularity oi the pleuial plaque and 
mmented upon its significance in establishing collateral circulation. These 
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investigatois dtsoiibecl small fibious nodules seatteied tbioxigliout the healed 
aieas in the pidiuonaiy lobe and speculated upon their pathogenesis ivitliout 
oonsideimg them healed infaiets 

In 1951, Stoimiioiiiiaiin, Daniels, and Aueibacli'" asciibed the pathogenesis 
of bionohoplciiial tistuhi, following e\cisional theiapy foi puliiionaii tiiboicu 
losis, to pie OMStenee of disease in the plcuial space at the time of siiigeiy The 
usiiltant ciiipyeiiia spiead to the bionchial stump with subsequent bieakdown 
and hstulous foniiation In 1952, Zelraan, Davidson, and Ulmai'® leiiewed 
200 cases ot pulmonaiy tubeieulosis subnutted to suigical lescetion and found 
that neciosis of the lingula oeeuiied in 1 ease following segmental icseotion 
Steele, Naiodick, and Cadden,''’ in 1953, remaiked that the disadeantage in the 
peifoinianee of small lescctions foi pulmonaiy tubeieulosis nas the high in 
eidence of postopeiatue eomplieatioiis Although theie -was no moitalife and 
the end lesults neie good, 20 pci cent ot patients dee eloped persistent lung 
leaks, hemothoiax, oi empjema Theie neic, houevei, no tubeieulous eomphea 
tions In the piesence of such leaks, tliej ad\oeatod that it iias bettei to per 
foini a secondaiy thoiacotoiii} than to persist in the piolonged use ot diainage 
tubes 6011 ,’° 111 1955, discussed the postiesectioii space complicating segmental 
and Mcdge lesettioii IIo lepoited G1 complications in 308 lesections an inei 
deuce of 20 pei cent, and noted that the location of the pexsisteiit space was 
usitalh at the opeiatito site In his expeticiicc, most localized pneumotlioiaeis 
lesponded to uiidoiwatoi seal diainage within 2 weeks a small iiumbci how 
e\ei, became cluonic pioblcms with pjogeiiie infection He concluded tliat tin 
oocuiienee of such complications did not significaiith influence the future stilus 
of the patient’s tubeieulosis Douglass, Bosnoith Judd, and Chang,”' as all 
of us, had some expeiieiice with late lealis oi piKumothoraces occuiiing 2 to 10 
days aftei lemoial of intiaplouial tubes Thoj used the teiin ‘ alveolo pltuial 
fistula” and lemaikcd that a distinction between this pioblem and bioneho 
pleuial fistula should be made Coipc. Slick, and Cope ” in 1950 leviewtd 182 
segmental leseetions perfoimed foi tubeieulosis, and noted that an kales in 
the postopeiative peiiod accounted foi iiioie than half of the total numbei of 
complications Twenty two patients haiiiig pleuial spaces lequircd fuithci 
theiapy Ot these, 3 developed bioiicliopleuial fistulas, empjema subsequeiitlj 
developing iii 1 Nine of the patients were treated bj le insertion of pleuial 
eathoteis and 12 bi postcxcisioiial tiioiaeopiasty Final results weie consideiid 
to be excellent, howevei, thej were unable to make lecommeiidations which might 
dccieaso the significant postopciative iiiorliiditj late In 1955, Piiidlac, while 
a meiiibei of the Thoiacic Suigeiy Staft at Pitzsimons Aimy Hospital, became 
mteiested in oiii studies on postopeiatue pleuial space problems and was eon 
\niced that postiesectioii pulmonaiy infaietioii does occur and, not niticquentlj, 
IS the sole cause of the lesidual pleuial an pocket which mav persist and progiess 
to othei complications of a iiioie seiious natuie, if not piomptlj and piopeih 
treated In 1956, he reported that a peisistciit pleuial space following paitial 
resection of the lung may lead to bionehopleuial fistula months later, and ad 
vised caih leoiieiation at which tune the visceial plcuia is not thickened with 
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fibrosis, and the lung is still expandable^-' One ol! us (J. M. S.) reported on 
some of our early experiences and opinions on ‘‘postoperative infarction of the 
lung” in the Eighth Annual Symposium on Pulmonary Diseases—Pitzsimons 
Army Ilospital, 1955.-^ 

CLINICAL FKATURES AND OBSERVATIONS 

The complication of pulmonary infarction following segmental resection for 
pulmonary tuberculosis occurred fifteen times in 400 procedures performed on 
371 patients during the period of January, 1954, to February, 1958. This dif¬ 
ficulty involved 7 males and 8 females with an average age of 28 years. All 
except 3 were Caucasian. The average duration of tuberculosis diagnosed 
prior to surgerj’- was 15.4 months, the longest being 5 years and the shortest 
7 months. The period of chemotherapy prior to surgery averaged 7.4 months, 
the longest course being 15 months, in 3 eases 6 months, and in 1 only 1 month. 
Chemotherapy primarily consisted of isoniazid, para-aminosalicylic acid and 
streptomycin in varying combinations. The average duration of negative cul¬ 
tures prior to surgery was 6.8 months, the longest being 12 months and in 
1 it was only 3 months. One patient who had never shown positive culture.s 
received 1 month of preoperative chemotherapy. 

The surgical description of the adjacent segments remaining at the conclu¬ 
sion of surgery revealed no palpable disease in 8 cases. Five liad a definite 
nodular fibrotic consistency to palpation and 2, upon dissection of the liilum, 
revealed anomalous vessels. In 9, there was either severe fibrosis obliterating 
normal tissue planes or nodular disease within the intersegmental plane. In 
1 ease, a small cavity was opened along the intersegmental plane and this was 
the patient who exhibited a late tuberculous pseudopulmonary cavity of the tj-pe 
described by Bell and iMedlar.--"’ Review of the operative reports revealed no 
technical difficulty in 9 cases although in these patients there was freiiuent men¬ 
tion of ligation of venous channels and oversewing of leaking segmental sur¬ 
faces. In the remaining 6 cases, the dissection was described as difficult, re- 
ciuiring sharp procedures and Avedging across the intersegmental plane (see 
Table I). 

Pathologically, all specimens obtained at the first procedure revealed cavi¬ 
tary disease except four Avhich consisted, primarily, of healing necrotic foci. 
Tavo cavities Avere eoirsidered to be inspissated Avhile three Avere reported as 
“healed.” In one there Avas histologic evidence of progressive disease. The 
tissue removed at the original procedure usually consisted of the apicoposterior 
segment of the upper lobe, there being scAmn such procedures on the left and 
three apical and posterior segmentals on the right. Of the remaining five, Iavo 
consisted of removal of only the posterior segment of the right upper lobe, 
the posterior subsegment of the left upper lobe, the apical segment of the right 
upper lobe and finally a left upper lobe equivalent. When pulmonary infarction 
complicated the segmental procedure, it ahvays occurred in a segment of Avliich 
one segmental plane Avas involved in the dissection procedure. Thus, the anterior 
segment Avas the commonest such segment invoUmd, being adjacent and exposed 
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in ten pioceihues The thiee postciioi segmental lesections subsequently in 
\olved subsegments of the apical segment The 1 ease in i\hich apical leseotion 
Mas peifoimed iniohed a subsegment of the anteiioi segment and, finally, fol 
lowing lemoial of the lift uppei lobe equnalent, infaietion oceiuied in the 
lingula 

In all cases, the essential featuies leading to re operation foi presumptive 
intaictioii of an adjacent segment or subsegment consisted of a persistent air 
space, usually apical oi “sub teiitoiial” (if pleuial tent cieated), and oieihiiig 
a tiiaiigiilai densitj with its bioad base diiected medially and often baling a 
eoneaie uppei inaigin This apical an space occasionallj showed a fluid lei cl 
lioneiCl, none iieie suecessfulli collapsed bi needle oi eathetei aspiration In 
oidinate pain, peisisting beyond the immediate postopeiatiie peiiod was a 
noticeable Icaliiie in one thud of the eases A sliaip tearing pain in the affected 
legion was sometimes repoited These patients as coiiipaied nitli otheis seemed 
to bleed nioie piofusely in the caili postopeiatiie period Tliice had hemo 
thoiaces treated by litic agents (sticptoKinase stieptodoinase) prior to lemoial 
oi intiapleiual tubes after initial thoiacotomy 

The time which elapsed betnecn initial signiental lesection and le opeiation 
aveiagcd 17 G days in 14 cases In half ol the patients, the second thoiacotoiiii 
lias poifoiiiicd in 9 to 14 days The longest inteival of 144 days occiiiicd in a 
patient iihose initial postopeiative couise iias consideied essentialli noimal 
Aftei being released to the Jlodieal Sen ice, theie dei eloped a giaduilli en 
laiging apical subtontoiial an space iiith the chaiacteiistic undeiliing turn 
giilai density Upon le opeiation, a tubeicnlous pkuiopulmoiiari cavity ii is 
demonstiated, this being the only ease in iihicli an active tuberculous hsion 
lias pioied at secondary thoiacotomv The subsequent couise his been un 
01 entful 

In regard to the hist opeiatiie pioccduies, pleuial space obliterating pro 
eeduies were peifoimed in 10 cases of which 8 consisted of construction of a 
pleural tent and in 2 a modified thoineoplasty was performed In 3 cases 
partial obliteiatioii of the pulmonaiy space cieated aftei segmental removal 
was accomplished by pleural margin approMination employ mg iionsutuie cotton 
ligatiiies in 2, and mteiiuptcd sutuies iii I’’ All patients except 1 loceived 
iiitiathoiacic instillation of sti eptoiiiyciii and penicillin 

At re operation, an apical oi subtentoiial an space was detected of vaiynig 
dimensions having an .iveiage volume of 100 to 300 cc The average space 
dianietei was 5 to 6 cm In all instances, an leaks could be demonstiated ovci 
various aieas of the infaicted tissue Upon stiipping fibinioiis mateiial from 
the affected segment, the lattei chaiacteiistically did not bleed but bubbled 
diftusely and presented a firm, woody, or soft, frankly neciotie texture to pal 
patron Its color varied liom puiplish led to brownish black depending upon 
the stage and the extent of the necrosis In 2 cases, theie vvas a frank odoi of 
gaiigienoiis tissue 

The extent of the infaictioii was vaiiable It alwavs involved some poition 
ot the iiiteisegmental suitaee and ehai ictciisticallv involved the most distal 
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TAUIiE I. INEAIICTION COMIMACATING SEGMENT 


CASE 

NO. 

AGE, SEX, 
ANtJ RACE 

ADJ. REMAINING 

1 SEGMENT* i 

INTERSEOMENT.VL PLANE t 

SURGICAL DIFFICULTY j: 

1 

24 W. M. 

Clear 

Nodular disease in interseg- 
mental plane 

tlilHculty'-’ 

2 

35 W. F. 

Clear 

Well-defined 

"Intersegmental veins demo 
strated" 

3 

15 IV. F. 

Noditlur, aaoni- 
alous vessels 

Fihrotic, iU-defined 

‘ ‘ Sharp dissection ’ ’ 

4 

31 W. M. 

Anomalous Ulootl 
ves.sels 

Well-defined 

No technical difficulty 

5 

35 IV. M. 

Clear 

Clear 

Clumping and ligation o£ vei 
in intersegmental plane 

6 

23 IV. M. 

Clear 

Well-defined 

"Ligation of ‘distal’ puln 
nary veins of intersegment 
plane ’ ’ 

7 

25 Japanese 

F 

Clear 

Well-defined 

"Veins draining intersegmc 
tal i)lane ligated and cut 

s 

25 Spanish 

F 

Clear 

Fibrotic 

Clamping and ligation of vci 
in intersegmental plane 

9 

20 W.M. 

Nodular 

Nodular disease in interseg¬ 
mental plane 

Wedging and ligation of 
"many" iutersegniental 
veins 

10 

33 W.F. 

Nodular 

Fibrotic, ill-defined 

Wedging across intersegment 
piano 

11 

24 N. F. 

Nodular 

Fibrotic 

Sharp dissection required; 
dilHcult 

12 

30 W. F. 

Clear 

AVell-dcfiued 

"Clamping and ligation of i 
tersegmentiil vessels ’' 

13 

42 W. M. 

Clear 

Considernblc fibrosis at liilum 

"Definition of segmental pla 
accomplished but difficult 
start’’ 

14 

17 W.F. 

Nodular 

Fibrotic 

"Excessive oversewing of i 
tersegniontnl vessels" 

15 

32 W. M. 

Nodular 

Opened cavity in interseg¬ 
mental plane 

"Wedge across intersegment 
plane’’ 


‘Description of the adjacent remaining segment in wliich infarction subsequently occurred. 
tBeport on the condition of the affected Intersegmental plane at the time of the initial surgery. 
tPertinent difficulties encountered in performance of Initial segmental resection. 






\ nl n c j6 
Number 6 


PULMONAR\ INr^UiCaiON 


82 o 


hCllOV lOR PULMOV^PY TlBEPCUIOSlS 


SI QMl NTS 

uemovi-dJ 

spvcE occiusrovH 1 

SFCMFNf INtAUCTFD 

1 INTEK 

1 ^AL1f 
(D\.YS) 

AI1 h VK WCE 

AT RE 01 ERATIONj^ 

ical ind po'> 
enor RUL 

None 

Anterior subsegment 
RUL 

35 

Necrotic blood clot, numLrou« 
air leaks 

iLil RUT 

Pleural ipproxiina 
tion intpiior sog 
incut to pcstenor 
‘'Cgnient 

\nttrior siibstgmcnt 
RUL 

12 

Intcrsegniental veins tlirom 
bosed, leaks discernible 

ttnor RUL 

None 

\pi al RUL 

0 

Numerous sm ill BP fistul is 

le il mil jio^ 
inor RUL 

I’lLurxl tint 

Vnttrior substgm nt 
RUL 

16 

Demonstrable surface air Icils 

K opostcrior 
^UL 

None 

Anterior subMgmciit 
LUL 

TO 

Localized surface air Icals 

icoposti nor 
^UL 

Tlioracopl istj 
(inodiiud) 

Vnttnor sub^tgiiiciit 
LUL 

lb 

\o comment by surgeon 

sttrioi RUL 

Plturd tent 

Vpic il '*ub ee,mtnt 
RUL 

13 

burfice air Iciks 

FL equu ilciit 

I’ll uni tint 

I nigula 

10 

Nuimious small BP fistulas 

K.opo'^ti nor 
.UL 

Pit uni tent 

Vtilenor stgmiiit 
ruL 

o > 

\ir leal s, surgical liemoril age 
pulmonan arterj 

icopostcnor 

LUL 

Pleural tout 

\iitcnor subsegment 
LUL 

10 

No comment 1 } surgeot 

stcrior LUL 

Pleur il nppnmma 
tion interior seg 
incut to superior 
segment LUL 

Apie il LUL 

10 

Localized surface ar leaks 

icil 'ind pos 
tenor RUL 

riioracopHst) 

(modified) 

Anterior segment 
RUL 

14 

Foul ordor, visible sutures, 
kcmorrliago from pulmon ir} 
irtery 

icopostcnor 

LUL 

Pleural teat 

interior segment 
LUL 

29 

Gangrenous, visible throni 
bosed lesscls 

icopostcnor 

LUL 

I’leural tent 

interior subsegment 
LUL 

41 

Surface air leaks oier iii 
faicted area 

icopostcnor 

LUL 

Pleural tent, anterior 
segment to supe 
nor segment LLL 
pleural edges 

interior subsegment 
LUL 

144 

Many sutures in necrotic tis. 
sues, 3 air leaks (minute) 


IBroncliopuImonary sepmenta removed during the first thoncotomy 

!l Concomitant space obhteratmg procedure performed at the time of initial segmental resection 
UTime which elapsed between the initial segmental re«:ection and re operation for infarction 
# Vppearance of the intersegment'll surface at tl e time of re operation 
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portion of the specimen; sectioning revealed extension of varying distances into 
the underlying parenchyma. In 3 eases there was complete infarction of the 
entire related segment. ^Yhen surgery was performed under 3 weeks, there was 
no great technical difficulty encountered in removing the infareted segment or 
subsegment; however, there was an exception in I case as related below. A 
fairly clear line of demarcation was usually visible between necrotic aiul viable 
lung. Often peripherally the necrotic tissue could be wiped away with a gauze 
sponge or separated liy blunt dissection. The main difficulty in the dissection 
was encountered at the hilum where, because of close proximity of the, pulmonary 
vessels and the severity of the necrotizing process, serious hemorrhage may en¬ 
sue, due in 1 of our cases to involvement of the wall of the pulmonary artery 
by the necrotic process. However, the outcome was entirely successful. 

Follow-up studies for periods, ranging from 3 months to 4 years, have 
revealed no evidence of spread or reactivation in any, and no complications 
attributable to the second thoracotomy. Additional data pertaining to the 15 
patients who had localized postrcsection infarction of the lung are listed in 
Table I. 

PATHOLOGY 

Grossly, the specimens were purplish-black to brownish in color and had a v 
variable consistency. Most presented a firm, indurated, noncrepitant texture 
but, in some cases, the material was markedly soft and friable. Thrombosis of 
surface veins buried in blood clot or fibrin along the interseginental plane was 
frequently observed. The pleural surface of each specimen was often partially 
covered by a fibrinous layer having a variable consistency depending upon the 
time ■which had elapsed since the previous surgery. This layer Avas usually soft, 
friable, and yellowisli-Avhitc in color. The superficial surface of this plaque was 
often firmer than the underlying surface Avhcrc it was in apposition with the 
necrotic tissue. 

The cut surface of specimens usually revealed a dry, finely granular, pur¬ 
plish-black appearance Avhich was sharply demarcated from any- comparatively 
normal lung that may have been included with the specimen. In tAVo speci¬ 
mens in Avhieh there Avas a distinct odor of gangrenous tissue, central softening 
and liquefaction Avere observed. Examination of the cut intersegmental surface 
often revealed thrombosed vascular structures leading into the necrotic lung. 

Microscopic examination of sections taken at right angles to the segmental 
surface revealed characteristic hemorrhagic infarction Avith focal necrosis of 
pulmonary tissue tending to become confluent at the surface. The central por¬ 
tions of these lesions shoAved complete loss of cytologic detail including the 
nuclei of alveoloseptal cells. In spite of such profound necrosis, the tissue 
eharaeteristieally maintained its configuration Avith Avell-defined acidophilic 
hyaline AV'alls inclosing degenerating masses of eonglutinated red blood cells. 
Although occasionally the periphei’y of the infareted area Avas Avell circum¬ 
scribed by fibrous tissue (probably I’epresenting a sublobular fibrous tissue 
plane), it Avas more characteristic to find no such delimitation, the zone betAveen 
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viable and iionviable tissue being leniaikably fiee of eitliei flbioblastio tissue oi 
milainmatoiy cells Healing was evidenced bj a feeble and ineffective oiganiaa- 
tion of intia-alveolai libim icsulting m thick walled avasoulai nonfunctional 
alveoli 

Tlie contained \essels slioiied tliiomboses and iiiiiial ncciosis, paiticiilailj 
noticeable in the siipeilieial intciscgmeiital veins Seiial sections of the lattei 
levealed pioxiinal viability and liiniiiial patenej Spaces within iieciotic tissue 
iveic often obseived, this was felt to be histologic lepiesentation ot the multiple 
.dvcolopleiiial fistulas so eliaiaeteiistie of these lesions 

Tliieo aspects of this inatciial appealed iiaitieiilailj inteicsting to one of 
us (H N 11 ) Elastic stains upon iieeiotie tissue showed a suipiisiiigly intact 
aiehitectuic despite the piofound iiceiosis, and the pioloiiged iiitenal folloning 
initial siiigeiy The necrotic tissue tended to become hjalinized and cscept toi 
2 eases theie i\as little evidence of actual hsis ot tissue The second puzzling 
tcatuie of these specimens consisted of a maiked degice of endothelial pio 
lifciatioii and, often, luminal oblitciatioii of lelated arteiial stiiiotuies These 
iieie often obseived in adjacent viable pnhiionaiy tissue The endothelial pio 
lifeiation might bo intoipictcd on the basis of adjacent tiibeiciilous disease, how 
e\ei, the piesciico of an oiganiziiig tliioiiibus would tend to discount tins possi 
bility The final inipicssuo featiiic was the degiee to wliicli metaplastie bron 
ehial stiiiamoiis epithelium w.is disiiiptcd and dispeised among the peiiplieinl 
lajors of neciotie tissue 

lUGltltlOLOGY 

It IS not suipiising that infection did occui in 3 of the 15 eases Such 
infections weio confined to the infaictcd segment, subsegment, oi pleuropul 
moiiaiy cavitj In 2 cases (12, 13, sec Table I) there was frank gangienous 
tissue, duo picsuiiiably to a Vincent tjpc infection, although eultiiies neie 
steiile The final case (15) nas the oiilj 1 sboMiiig evidence of an active tu 
beiculous piocess in tissue icmovid at the second tlioracotomv The patient 
had a pioloiiged delay of 144 dajs befoie sccondaiy tlioiacotomy and acid fast 
bacilli weie denioiistiated on snnai and tissue stains iii the wall ot the cavitj, 
hovvevci, ciiltiiics vveie negative In this instance, thoie was foiiiiatioii of a 
tubeiculous pleuropulnioiiaiy cavitj 

cisi mpoBis 

Tlirco clinical cases winch illustritc tins postrescctiou syiiilioiiie of localizca pulmonary 
mtirction arc presented below The other 12 cases were ntlier uniformily similar to those 
here recorded, thus, an accurate prcopcrativo diignosis was made in our last S patients 

CvSE 2—A 35 year old white woman was admitted on April 9, 195t, with a diagnosis 
of pulmonary tuberculosis Numerous roentgenograms, since 1951, reiealed a nodular in 
filtrate confined to the area of the right upper lobe which was considered to have undergone no 
change However, m February, 1954, two routine gastric cultures were positive for acid fast 
bacilli Other I iboratory studies and physical cxaDunation revealed nothing remarkable otlier 
than post tussic rales over the right upper chest Chemotherapy consisted of streptomyc n 
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and isouiazid. On Oct. 22, 19o4, after 0 months of cUemotliorapy, a right upper lobe apical 
segmental resection was performed for significant residual nodular disease restricted to tins 
segment. The created raw surfaces of the anterior and posterior segments were appro.xiinatcd 
at tlie pleural margin by four interrupted sutures. Twelve days after initial surgery a 
thoracotomy was again performed because of a persistent air-lluid space which had'not 
responded to multiple thoracenteses (Fig. 1). Tlie midpectoral subsegment of the anterior 
segment appeared to bo infarctod, having a dense, rubbery consistency, and the vessels along 
the segmental plane were thrombosed; intermittently, air bubbled from this surface. Tlie 
involved subsegment was removed without difficulty after which the raw segmental surfaces 



Fltr. 1. Piff. 2. 

Fm. 1.—Right lateral roentgenogram oC chest oC Case 2 showing postoperative air-nuid 
.''Pace at site of apical segmental resection. Triangular density anterior to space iiroced to 
bo infarction of subsegment of the anterior segment. 

Fig. 2.—Roentgenogram of chest 20 months later. Regenerated llfth rib on right. I’u- 
tient asymptomatic. » 

came into favorable apposition as the lung was e.xpanded by the anesthesiologist; the pul¬ 
monary remnant filled the hemithoracic space completely. Two large tube pleural drains 
were connected to water-seal bottles and suction instituted. Subsequent lecovery was unotent- 
ful and the patient has continued to do well (Fig. 2). 

Pathologic examination of the first specimen revealed caseonodose tuberculosis. The 
second specimen consisted of orgairizing hemorrhagic infarction of the anterior subsegment 
with nonspecific chronic pleirritis and pulmoiiaiy fibrosis. 

Ca.sb 5.—This 35-year-old white inarr wrrs .admitted on April 18, 1956, because of an 
expanding, rather circumscribed lesion irr the left irpper lobe (Fig. 3). Skin tests: PPD 
No. 1, four plus; histoplasirrirr and coccidioidin, negative. No x)ositi\c smears or cultures for 
acid-fast bacilli were obtained. Streptomycin aird isonia/dd were st;irtcd on May 18, 1956, 
and apicopostcrior rcscctiorr was performed Jtrrte S. The solitary lesion, 2.2 cm. in diameter, 
proved to be a ratlrer thick-walled tuberculous cavity from which acid-fast bacilli were isolated. 
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No concomitant collup&o proceduie \v:i3 iJcrforiued. In tho postoperative period, tho water- 
seal suction bottles continued to bubble and an apical uir space failed to improve (Fig. 4). 
He continued to complain of rather severe chest pain. Ten days after segmental resection, 
ho was returned to surgery and an infaiction of a subsegment of tho anterior segment, from 
which air leaked freely, was demonstrated and removed, A modified tlioraeoplasty was per¬ 
formed and the patient 1ms done well since. 

Cask 13. —A 42-yoar-old white man noticed the onset of fatigue 2 years prior to ad¬ 
mission. A chest roentgenogram on July 31, 1936, revealed bilateral upper lobe cavitation. 
The only early positive culture was obtained -as the result of bronchial washings. Chemo¬ 
therapy was instituted on Aug. S, 1956, witli 600 mg. of isoniazid and para-aminosalicylic 
arid, 12 grams daily. On December 17, the isoniazid was increased to 900 mg. On March 
13, 1957, a right thoracotomy was performed with removal of the apical and posterior seg¬ 
ments. A tent of the apical parietal pleura was performed and recovery was uneventful. On 



Fig. 3.—Roentgenogram of chest. Case 5, prior to resection of solitary tuberculous lesion 
in apfeoposterior segnient. 

Fig. 4.—Roentgenogram 8 days after segmenta.1 resection. The large tension apical 
pleural .space is demonstrated. Infarction in anterior .segment produced the triangular dense 
shadow below the space. 

March 28, 1937, sjmtum culture was again positive for acid-fast bacilli and the isoniazid was 
increased to 1,500 mg. with 1 gram of streptomycin daily. On July 10, 1957, an apicoposterior 
resection of the left upper lobe was performed. Postoperative .v-ray studies revealed well- 
expanded lung with some cloudiness over the apex without discernible space. On July 14, tho 
intercostal tubes were removed. However, on July 26, 1957 (Fig. 5), an air space was 
observed at the apex and it was felt that this had resulted froiu an infarcted segment. Air 
leak was continuous as demonstrated by needle aspiration. He complained of almost constant 
“sharp tearing^’ chest pain. Twenty-nine days following the initial left thoracotomy, tho 
left thoracic cavity was entered through the previous operative sitej pleural symphysis was 
observed over an extensive area, and incomplete infarction of tlio anterior segment was seen 
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and isoniazid. On Oct. 22, 1954, after 6 months of cheiuothoiapy, a rigid upper lobe apical 
segmental resection was performed for significant residual nodular disease restricted to this 
segment. The created raw surfaces of the anterior and posterior segments wore appro.xiniated 
at the pleural margin by four interrupted sutuies. Twelve days after initial surgery, a 
thoracotomy was again performed because of a persistent air-fluid space ahieh had'not 
responded to multiple thoracenteses (Pig. 1). The midpcctoral subsegment of tlic anterior 
segment appeared to be infarcted, having a dense, rubbery consistency, and tlie vessels along 
the segmental plane were thrombosed; intermittently, air bubbled fioni this surface. The 
involved subsegment was removed without difficulty after which the raw segmental surfaces 



Piff 1. Fig:. 2. 

Fig. 1.—Right lateral roentgenogram of chest of Case 2 showing postoperative air-fluifl 
space at site of apical segmental resection. Triangular density anterior to space proved to 
be infarction of subsegment of the anterior segment. 

Pig. 2.—Roentgenogram of chest 20 months later. Regenerated fifth rib on right. Pa¬ 
tient asymptomatic. « 

came into favorable apposition as the lung was expanded by tlie anesthesiologist; the pul¬ 
monary renmant filled the hemithoracie space complctel}'. Two largo tube pleural drains 
were connected to water-seal bottles and suction instituted. Subsequent recovery was unevent¬ 
ful and the patient has continued to do well (Pig. 2). 

Pathologic examination of the first specimen levcaled casoonodose tuberculosis. The 
second specimen consisted of organizing hemorrhagic infarction of the anterior subsegment 
with nonspecific chronic pleuritis and pulmonaiy fibiosis. 

Case 5. —Tliis 35-year-old w'hite man was admitted on April 18, 1956, because of an 
expanding, rather circumscribed lesion in the left upper lobe (Pig. 3). Skin tests: PPD 
No. 1, four plus; histoplasmin and coccidioidin, negative. No positive smears or cultures for 
acid-fast bacilli were obtained. Streptomycin and isoniazid were started on May IS, 1956, 
and apicoposterior resection was performed June 8. The solitary lesion, 2.2 cm. in diameter, 
proved to be a rather thick-walled tuberculous cavity from which acid-fast bacilli were isolated. 



Volume 36 
Number 6 


PTjLMON^RY I^FAKCriON 


831 


which hill uU iiiccd to the st igo of gingriiic in oiio area Smill air iLila oii tin, surface of 
this iiifarctcil signieiit were observed aiitl thrombosid rtsccls leading to the anterior segment 
were palpatid uid visualired Segincntil resection of the inf irctid segment was accomplished 
tad a niodihcd thoracoplnstj was performed Subsequent course has been completelj un 
complieated (Xig 0 ) Tho pathologic speeinun consisted of the anterior eegon nt showmg a 
laigc area of infiretion (1 ig 7) 

DISCUS.SIOS 

Pulmonaij infaietioii eomplieating segmental lesection, accoidmg to om 
eoiicepts, 1 -) ctitamlj not a new entite The ehaiaeteiistie SMnptomatologj has 
long been i(eogni7ed, but the uiKleihing pathogensis has not Such teims as 
the “late space piobleni,” “aheolo pleuial fistula,”"' “masked bioncbo pleutal 
fistula,”"' “occult bioncbo pleuial fistula”"' hate been offeied m an effoit to 
characteiue this pioblem oi its complications The salient clinical findings and 
basic diagnostic featuies aic (1) a peisistent tension an space m the legioii 
of the previous pulmonaij lescctioii, (2) no ctielence of an oteit bionchopleuial 
fistula, and (3) eonimonh dcinoiistiatcd loeiitgcnogiaphically, below the pleui.il 
space, IS a tiiangulai densitt with its broad b.isc directed mcdiallj and hating a 
concave uppei niaigin if no fluid is piesent, otheiwisc a lioiizontal an fluid 
let el 

The complications wliieli maj icconip.iiit oi follow such piilmoiniv in 
laictions, if not collected bv eailj and piopei suigieal imasuies an as tollows 
(1) A pewisteiit and nonicsolting an space, piovided the lesiiltmg pulinonait 
nitaiction is of significant depth anti magnitude Such mat negate the in 
tended puipose of segmental leseetioii, ic, the piesi nation of unmtolted and 
appaientlj iioinial funetioiniig pulinonait segments thus, the space plus the 
flsed neoiotizing and/oi oigain/iiig segment will detei leljacent segments tiom 
expanding to tull tunctional ea|iacitj (2) Baeteiial infections—blood sciuni 
atasculai tissue, and the ‘dead space ’ piotiele an excellent cultuie media foi 
baeteii.il giowth, the inteinnttent iiigicss of lespired .air via the poious ne 
ciotic segmental suiface is a faetoi woitlit of mention AVith due defeience to 
antimiciobial agents, neteithclcss, tve must assume that, in due couise of tune 
some untotvjid supeiimposed complication ot a bacteiial natuie will ensue 
A listing of such possibilities ls pioposcd as follows localized empyenia, mixed 
empjema (pyogenic and tubeieulous), tubeiculous pseudopulinoiiarj eavitt, 
adjacent specific oi nonspecific pneumonitis, contiguous tubeiculous icactivation 
and/oi distant spiead, putiid lung abscess (such has been obsened in oiii ex 
peiience on one occasion, howctci the exact iiatiue of the pathogenesis was not 
deteiniined), osteonnelitis of iibs and chest wall uifection (3) Fiank and 
indisputable bionchopleuial fistula (4) jMassite fatal pulinonait hemorihage— 
such has been leported m the liteiatuie following segmental and subsegmental 
lesection 

The pievention of this tjTie of postopeiative complication, le, localized 
pulmonaiy infaiction, depends to a laige dcgice upon maintaining the integiitj 
and eontnmed patenej of the remaining blanches of the intersegmeiital vein 
It IS evident, when considei mg Column 3 data in Table I (Suigical Difficultj ), 
that the cuix of the pioblem appeals to be the surgitallj exposed suiface venous 
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Fig. 5. Fi.T. C. 

Fig-. 5.—Roentgenogram of Patient 13 taken 16 days after apicoposterior resection on tlie 
left where dense, roughly triangular shadow is demonstrated below apical space. Good contra¬ 
lateral expansion is noted -I Vi montlis after apical and posterior segmental resection and 
utilization of a pieui'ai tent on rigiit. 

Fig, 6.—Roentgenogram of cliest 2 Vi montljs after second thoracotomy and concomitant 
upper stage modlfled thoracoplasty, left, in management of postresection infarction in the 
anterior segment. 



Pig. 7.—Microscopic appearance of hemorrhagic pulmonary infarction 
showing characteristic focal necrosis, air spaces, and vascular tnromDoses. 
alveoli and poor delineation left lower area. 


(Patient 13). 
Compressed 
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winch had idvanced to the stago of gangrene in one area Small nr leaks on the surface of 
this nifareted sigmeut were obscr\cd and thrombosid vessels leading to the autenoi segment 
were palpited and visuihzcd Segment il resection of the iniarcted segment was accomplished 
and a modified thoracophstj w is pciformcd Subsequent couiso his been completely uii 
eoinplicated (Pig 0) Iho patliologic speeimcn consisted of the anterior segment showing a 
1 irgo iri i of infiretion (Fig 7) 

DISCUSSION 

Piilinoiiuij mhiietioii compheatmg segmental lesection, accoiding to oui 
eonoepts, IS eeitanily not a ntn entity The chaiacteiistic symptomatolog-y has 
long been lecogni/od, but the nndcihing pathogcnsis has not Such teims as 
the “late space pioblcm,’’ “aheolo pleuial hstnla,”"’ “masked bioncho pleuial 
fistula,”-^ “occult bionelio pleuial hstnla”-* have been offeied m an eftoit to 
chaiaeteii7o this pioblem oi its eomplieations The salient clinical findings and 
basic diagnostic featuics aic. (1) a pcisistcnt tension an space in the legion 
of the piCMOus pulmonaiv icsection, (2) no evidence of an o\eit bioneliopleinal 
fistula, and (3) eommoiilv dcmonstiated locntgenogiapliicallj, below the pleuial 
space, IS a tiiaiigulai density witli ils bioad base diiocted mediallj and liaiing a 
concave uppci maigui it no Ihiid is picsciit, othoiwisc, a hoiizontal air fluid 
level 

The eomplieations uliicli ma\ accompaiiv oi follow such pulmonary in 
faictions, if not collected by cailj and piopei suigical measiues, are as follows 
(1) A persistent and noiiicsohing an space, pioiided tlie lesulting pulmonaiy 
intaietion is of significant depth and magnitude Siieli may negate the in¬ 
tended pmpose of segmcntil lesection le the pieseivation of uuiiivolved and 
appaiontly iioiiiidl functioning ptilmoiian segments, thus, the space plus the 
fi\ed neeioti/iiig and/oi oigauuing segment will detei adjacent segments tioni 
espanding to full tiiiietioual capacity (2) Baetoiial infections—blood, seiiim, 
acasculai tissue, and the ‘dead space” piocido an excellent cultiiie media for 
hactciial giowtli, the inteimitteiit nigicss ot rcspiied an via the poious iie- 
ciotie segmental siiifaee is a faetoi woitlij of mention With due defeieiiee to 
antimicrobial agents, iie\eitlicless, we must assume that, in due coiiise of time, 
some uiitowaid supciimposed complication of a bacteiial natuie will ensue 
A listing of such possibilities is pioposed as follows localized empyema, iiiLxed 
empyema (pyogenic and tubeiculous), tubeieulous iiseiidopiilmonaiy cavity, 
adjacent specific oi nonspecific pneumonitis, contiguous tubeieulous reaetn ation 
aiid/oi distant spiead, putiid lung abscess (such has been ohsened in our ex 
peiienee on one occasion, howexei, the exact natuic ot the pathogenesis was not 
deteimined), ostiomvelitis of iibs, and chest wall intection (3) Fiaiik and 
indispufahle bionchopleuial fistula (4) llassixc fatal pulmonaiy hemoiihage— 
such has been lepoited ui the litciatuie following segmental and subsegmental 
leseetion 

The pieveiition of this type of postopeiative complication, le, localized 
pulmonaiy mfaiction, depends to a laige degice upon iiuuntainiiig the integiity 
and continued patency of the lemainiiig blanches of the interscgmental vein 
It is evident, when consideiing Column 3 data in Table I (Surgical Difficulty), 
that the eiii-x of the pioblem appears to be the suigieally exposed surface venous 
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channels, which, no donht, play an important role during the immediate postoper¬ 
ative healing phase. It is noteworthy, that the surgeons reported various types 
and degrees of difficulties in 12 of the 15 patients during dissection in the uiter- 
segmental plane. Thus, many factors influence the postoperative competence 
of the intersegmental pulmonary veins. Some factors which immediately come 
to mind are: active or fibrotic tuberculous residuals involving the interseg¬ 
mental plane; tuberculous nodides beyond the intersegmental boundary which 
are removed by additional wedge excision; excessive bleeding from interseg¬ 
mental plane, requiring clamping, ligatures and sutures; excessive air leaks, the 
control of which may also require clamping, ligatures and sutures with possible 
inclusion of venous tributaries; rare anomalous venous distributions; and tech¬ 
nical errors and difficulties. It might be noted that nine surgeons performed the 
initial surgery on the 15 patients developing this complication; two being staff 
surgeons and seven Avere residents on the Thoracic Surgery Service—all being 
capable of operating independently or had staff surgeon assistance and super¬ 
vision. 

An additional factor which seems to warrant consideration is the possible 
prophylactic value of the surgieallj’’ created pleural tent. AVe feel such a pro¬ 
cedure may be of some value if the pulmonary surgical defect is relatively flat 
(not a deep “Avedge like” defect); thus, the pleural tent seems more commonly 
indicated after an upper lobectomy than folloAving segmental resection. The 
prevention of this postoperative complication may depend also upon the degree 
of early angioplasia and venous channels AA'hich form in the fibrinous plaque 
separating the remaining segment from the adjacent pleural space. If there is 
rapid organization of this surface plaque, then minimally infareted zones Avill 
probably be effectively Availed off and healing Avill take place. On the other hand, 
if early angioplasia and fibroblastic proliferation is poor, the necrotic surface 
Avill continue to leak via multiple alveolopleural fistulas. 

This eai’ly fibrinous plaque covering the raAV surface is uniforinl}' demon¬ 
strated in the experimental animal as Avell as in patients having had pulmonary 
resections and is a major contributing reparative process Avhieh makes the 
technique of segmental resection possible. This consideration should ahvays be 
kept in mind by the surgeon Avho, in some instances, may elect to enhance this 
aspect of the surface healing process by performing a pleural tent or a limited 
modified upper-stage thoracoplasty. "VVe have shoAvn to our satisfaction on 
numerous occasions, after performing pulmonary dissection techniques on dogs, 
that the rapidly forming fibrinous pleural plaques make it extremely difficult 
to produce alveolar air leaks of sufficient duration to produce pleural air spaces, 
although Ave rather uniformly establish areas of suhsegmental infarction by 
ligation of intersegmental veins.-® 

CONCLUSIONS AND RECOJIMENDATIONS 

It seems superfluous to state that surgical skill, judgment, and experience 
are all important, ncA'ertheless Ave are convinced that any thoracic surgeon. 
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icgaicllesb of o\peuence and tiaimng, may fioiu time to time be confionttd 
Mith this postopoi.itive complication Tlieiefore, it seems impeiative that all 
should keep this syndionio in mind when postresoction space pioblems oceui 
It IS vciy qncstioiiahle li it is piopci to apply conseivative methods of manage 
iiiont such as multiple thoiaeentises and rc inseition of catheteis and tubes foi 
length} pciiods ilost of oui patients have been given the lienofit of such 
methods of caih management without any evidence of success Aecoidinglv, 
It IS proposed tliat if such methods fad m 4 to 6 da} s that secondai \ thoiacotomy 
lb 111 oidei He inseitcd closed diaiiiagc tubes should not leinain long enough 
to initiate oi contiibutc to secondaiy infection It is oni opinion that secondai\ 
thoiacoplasty alone Mould be eiiiatiie in only a small peiceiitage of cases, hoM- 
e\ei, such a pioceduie of tlic modified ttpe oi coiistiiiction of an apical paiietal 
plcuial tent concoiiiitantl} Mitli secondai \ thoiaeotoiny will not infroquontl} bo 
necessaiy 

At this pinctuie ot oni incomplete undcistanding of this pioblcm of post 
segmental infaiction of the lung, mc hesitate to make an} conciete oi dogmatic 
tecomniendations and pioposals otlui than those lelated aboie Neveitheless, 
a “scheme of suigical conduct” is offcicd which we lielicve is sound in pimcipk 
as based upon oiu chnic.il c\pciienee and incomjiloted laboiatoiy ini estigatiou 
ot this iiiobkm to date"® 

liecommentlcil “Scheme of Suigwul Conduct ”— 

1 Jlaintain mtegiity oi bianclics of inteiscgmeiitil vein on suiface ol 
ictained segment Segmental suifacc clamping ligituns, and stitch sutuies 
aio kept to a mninmim, hemostasis is otten suipiisingh complete after complete 
expansion of the segmont bv the anesthesiologist, meticulous and gentle disscc 
tion in the inteisegmental plane is mandatoi} 

2 Do not attempt sutiiic intoldiiig of law segmental suiface 

3 Do not attempt leeoiistitutioii of pulmonaiv lemnant by multiple la\oi 
sutuies beginning in the depth of the postiescction defect, such closuie technique 
Mould seem to contiibiite to intcisegmental venous stasis, thiombosis, and sub 
setiucnt iiifaiction 

4 Complete leinoial of segment pciipheially is essential, dissection may 
easily piogicss outside the intcistgmental plane, leaving a “nubbin” of sub 
segment quite devoid of eiiculation, although expansion may be suipiisingly 
good 

5 Peifoini upper lobectoiii} on the right iii favoi of apical and posteiioi 
segmental leseetions plaiuied, i e, if fibiosis and nodular disease aie found to 
involve the apical and anterioi inteisegmental plane Pleuial tent or limited 
modified thoiacoplasty nia} seem indicated 

6 A similar situation on the left, as lelated in 5 above, Mith apicoposteiioi 
icsection contemplated—if intersegmental fibiosis not oveily extensive—suggest 
that anteiioi segment be letaiiied, and manage infaiction of aiitciioi segment 
by secondary thoiacotomy if such should develop 
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7. Seeondaiy thoracotomy in 10 to 14 clays when tliere is clinical and roent- 
genographic evidence of postoperative pulmonary infarction. Surgical judg¬ 
ment will dictate if concomitant pleural tent or modified thoracoplasty should 
be performed. 

SUilJIARY 

A series of 15 patients, having incurred pulmonary subsegmenlal or seg¬ 
mental infarction following segmental resection for tuljerculosis in 400 con¬ 
secutive procedures, has been analyzed. Clinical and roentgenographic features 
characterizing this postoperative complication are presented. The propo.sed 
pathogenesis of demonstrated infareted contiguous segments and pathologic 
findings are discussed, and recommendations are offered in regard to prevention. 
Once frank pulmonary infarction occurs, secondary thoracotomy in 10 to 14 
days is recommended. All 15 patients having had secondary tlioraeotomy are 
without evidence of reactivation and doiiig well 3 months to 4 years after seg¬ 
mental resection. The mortality to date in this series of 400 pulmonary seg¬ 
mental resections is 0.5 per cent; 1 patient having died of cardiac arrest at 
completion of pidmonary resection and the other of pulmonary hemorrhage 6 
weeks after upper lobectomy and superior segmental resection. 
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Discussion 

(PAlEUh n\ BARULTI [lAGt 803] VNl) [l \CL 818} AND TlIEIB kSSOCLmS) 

DR ROBERT KIOPSlOCK, Brooklyn, N \—Tlie Veterans Administration anl 
^rmed Foreos Study Group is reporting expcnuiees year after year in nrits of e\ n lirgei 
figures But there are just as many ci ts of resection performed as the ilehniti\e form ol 
tileripy for pulmonary tubereulosis, wliieh are not reported The'se signihcaut figure** tl n 
‘•ches represent the elBcacy of tlie resectional therapy fur pulmonary tubcriulosis 

The majority of tlioracic surgeons of the younger generation Jiardly 1 now anv oti er 
typo of surgical management of pulmonary tuberculosis except r ection The yomg thora i 
surgeon IS so exceptionalh well trained m pulmonary surgerv roda^ 1 eeausc tubeicul)-*! 
of the lung can bo treated by surgical excision with a higi de^^roe of sifety ani thus yull 
a great \olumc of suitable surgicil c i^es 

As this Association meets in Boston this year it is perhaps j roper to remind the 
younger generation of chest surgeons present that botli the intellectual and surgical con 
leption of the primary elcctue iiid hunted resection as the surgical therapy of pulmonary 
tuberculosis emanated from this city’s Massachusetts General Hospital Dr Churchill and 
Dj Belst^y designated the pulmonary segment as the surgical unit of the lung in 1939 1 
At the Boston meeting of tho American Collego of Surgeons in 1941 tins hospital dis 
pliyed an exhibits on tho surgical pathology of the lung demostratmg that the dis 
tnbution of the chronic suppuratnc diseases of the lung were restricted to the broncho 
pulmonary unit with characteristic segmental predilection for each disease including 

tuberculosis In 1943, 15 year** ago tins month, another study entitled “Lobectomy for 

Pulmonary Tuberculosis, “3 proposed the primary and electnc resection of the stabilized 

and irre\ersible necrotic pathology produced by tuberculosis piocess in the lung In this 
report, the cases of 6 consecutixe patients successfully operated upon were presented 
exlubiting the variety of the patterns and stages m which tuberculosis of the lung is 
m inifosted in man Opposition to this proposal was raised and it is recorded 

The introduction and general use of specific antimicrobials in the treatment of 

pulmonary tuberculosis gave us the pharmacologic tool to localize and reduce the tuberculous 
process m the lung to its irreversible necrotic component within a short time and almost at 
will This was a tremendous aehievement, but it could be exploited and secured only because 
the conception and the neces^iary refined surgical methods for the primary and selective 
resection of the residual irreversible and potentially dangerous lesions alrea-b^t 
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hand, thanks to the scientific vision of Edward Churchill of this city, at the Massacliusetts 
General Hospital. The rest of the story is being carried out by thoracic surgeons all over 
the world, among whom is the eminent essayist to whom wo Inive just listened. 
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DE. WATTS E. WEBB, Jackson Miss.—^I enjoyed very much the discussion given by 
Dr. Barrett on the trends in the therapy of tuberculosis. In reviewing our series in the 
^Mississippi State Sanatorium, wo have noted deliuite trends, one of which is parallel, and 
some a little divergent. The first is that of the aging population. During the past 5 years, 
tlie average age of our surgical patients has more than doubled, and it would be even 
greater than that except for the maximum upper ago limit beyond which one cannot be 
operated upon. 

The second has been the factor of increasing bacterial resistance. Over a fourth of 
our patients operated upon fall into the resistant group. In the patient with open-positive 
lesions and resistant bacilli, the factors keeping these cavities open and allowing the 
development of resistance appear to be mechanical—bronchiectasis, bronchostenosis, extreme 
fibrosis, and enlarged nodes around the hilus of the lung. These have proved to require more 
extensive resections and although, with the use of ancillary drugs, we feel that the short¬ 
term results have been good, wc feel that the long-term results are going to bo poorer. On 
the other hand, we have not been able to reduce the extent of our resections very much, and 
still have to do about 20 per cent pneumonectomies. 

(slide) This demonstrates the type of lesion, the totally destroyed lung, for which 
we are doing pneumonectomies. Nothing less tlian pjieumoncctomy will suffice in such cases. 

(slide) Thoracoplasties, particularly of the plombage type, remain a very excellent 
modality of therapy in many patients. 

DE. JOHN W. BELL, Seattle, Wash.—I would like to compliment Dr. O’Brien’s group 
on a fine review, and their survival statistics are excellent. However, I believe they are 
somewhat distressed, as aU of us are, with the high incidence of bronchopleural fistulas and 
space problems after segmental resections. One technique that we developed several years 
ago was that of reconstitution of the lung. We believe that this technique has contributed 
greatly to the reduction of bronchopleural fistulas and space problems following segmental 
resection. Our incidence of 20 per cent dropped iuunediately to 1 per cent and now, in an 
experience of more than 200 cases, we have had almost no bronchopleural fistulas and no 
important space problems. We have had occasional bleeding into the bronchial tree with 
transient hemoptysis. We have never seen pulmonary infarction as a result of reconstitution. 

Several details of the technique are important. 'Ihe sutures should be placed in a verti¬ 
cal manner parallel to the bronchovaseular structures rather than transversely across the 
vascular tree. It is important to begin the reconstitution at the base of the lung at the 
level of the segmental bronchus and to re-appose healthy lung tissue over the bronchus. Wo 
think this goes a long way in avoiding subsequent fistulas. We do not believe that seg¬ 
mental resections should be used in patients with open-positive disease, and still feel that 
lobectomy is the preferred operation in the uncontrolled case Avith resistant organisms. 

DE. NOBMAN WILSON, Boston, Mass.—I too would like to compliment Dr. O’Brien 
and his group for their analysis of such a large group of cases and for coming up with 
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in the widely distributed lesions, a compromise with regard to the open-negative lesion 
sometimes must be accepted, when such factors as age, emphysema, and poor pulmonary re¬ 
serve combine to increase operative risk significantly. 

DR. SALYER (Closing).—I wish to thank the discussers. I should add that this post¬ 
operative problem, pulmonary infarction of a subsegment or segment, occurs not only at 
Fitzsimons, but occasionally at other hospitals where pulmonary resection for tuberculosis is 
done. Presently, we have two ladies in the hospital who had pulmonary resections elsewhere; 
they now have pleuropulmonary cavitary lesions at the site of segmental removal and highly 
resistant organisms. After reviewing serial films, we are certain that they developed this 
specific complication after resection many months ago. 

Secondary thoracotomy has been necessary during the past 2 years in 4 additional 
patients having similar complications following initial resections elsewhere; varying degrees 
of drug sensitivity of the acid-fast bacilli harbored in these lesions were demonstrated. 
Presently, these patents are doing well. 

Perhaps I should not take issue with Dr. Bell’s segmental reconstitution technique since 
I have never used it; however, when listing all the possible etiological factors and mechanisms 
wliich may be related to this postoperative complication, we considered the suture approxima¬ 
tion of segmental surfaces as possibly contributing to intersegniental venous obstruction and 
thrombosis. 

Two thoracic surgeons formerly assigned to our hospital have employed Dr. Bell’s suture 
approximation technique; initially they seemed to get good results, later they found that 
hematomas were prone to develop in the approximated intersegniental plane which would 
separate and result in an air-fluid space. Such patients were subsequently treated by appro¬ 
priate surgical methods. It is quite possible that they did not perform the procedure as Dr. 
Bell does it. 



SEVEN YEARS’ EXPERIENCE WITH TRANSVENTRICULAR 
AORTIC COMMISSUROTOMY 

Robert P. Glover, M.D.,* and Howard L. Gadboys, M.D.,** Philadelphia, Pa. 

T ue i>eoble5is associated witli the surgical alleviation of aortic stenosis have 
to date presented far greater difflcultics than any of the other stenotic 
valvular lesions. Tliat this is true has been recognized for many years, since 
tlio first surgical attempt to relieve an obstructed aortic valve was made by 
Tufifier in 1913. Tlie exact nature of these difficulties, however, has been fully 
appreciated only within the past decade, during the recent i-enaissance of intra- 
oardiae valvular surgery. Although as much, if not more, time and valiant 
effort (botli experimental and clinical) have been directed toward tlie relief of 
this most intractable of valvular lesions, as compared to tricuspid, pulmonary, 
and mitral stenosis, equal success has not as yet been forthcoming. There are 
a number of reasons for this state of affairs. 

I’ATHOPUYSIOLOGIC CHANGES 

1. Anatomically, the valve is the least accessible to exploration, for it lies 
centrally placed within the confines of the heart. The left ventricular myo¬ 
cardium is invariably hypertrophied to a considerable degree. This finding, 
together with the tremendous vascular pressure generated within its outflow 
tract, prevents the use of an immediately .subaortic transmyocardial incision for 
the insertion of the finger or instrument, similar to that used in pulmonary 
valvotomy, because uncontrollable hemorrhage will surely follow. The valve 
cannot be effectively reached through an auricular appendage. The position of 
the ostia of the coronary vessels, lying directly behind the valve leaflets, makes 
direct reconstructive surgery hazardous. An approach from above, directly 
through the aortic wall, presents the same diffieultics encountered in the im¬ 
mediate subaortic transmyocardial approach and results in a surprising inci¬ 
dence of septicemia. Thus, definitive technical approach to the valve is un¬ 
favorable. 

2 Pathologically, there is an early fusion of the three valve cusps, the 
margins of which become thickened, rolled, eburnated, and infiltrated with 
calcium very early in the course of the disease. This is due in part to the 
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underlying disease itself but also, and perhaps more particularly, to the loca¬ 
tion of this valve in the course of the bloodstream. The valve lies in a confined 
space of small diameter and is the recipient of the full head of vascular pres¬ 
sure from the strongest of the contracting cardiac chambers, the left ventricle. 
The factor of vascular trauma is, therefore, of great importance for, following 
initial fibrotic agglutination of the cusp margins, there is a constant and steady 
deposition of traumatic elements, such as fibrin and calcium from which there 
can be no relief (Fig. 1). Thus, calcification develops early and, as the leaflets 
are relatively small in surface area, almost complete immobility and fixation may 
rapidly ensue. Some flexibility of the cusps at their attachment to the aortic 
ring may remain for a time, but this is less prominent than that seen in the 
stenotic mitral valve. This factor of trauma no doubt partially explains the 



A. B. 

Fig-. 1 —.1, The aortic valve viewed from the aorta showing the exti ernes of induration and 
calciflcation resulting in complete fixation. B, The same valve from the ventricular aspect. 


fact that the anteromedial leaflet of the mitral valve, also called the aortic or 
septal leaflet, is the seat of the greatest calcification in mitral stenosis, for it 
lies nearest the aortic ring in the high flow-pressure area of the left ventricular 
outflow tract, and also receives the bmnt of vascular ejection at the time of left 
ventricular contraction. Therefore, from a pathologic standpoint, surgical inter¬ 
vention in aortic stenosis, to restore effectively a measure of normal motion of 
the valve leaflet, must be carried out before extremes of the above-described 
process are reached. To Avait longer merely compounds the likelihood of surgical 
failure for, following the valvular change, the left ventricular myocardium 
hypertrophies, dilates, and in due time wears out and becomes incapable 
of effective action. As the left ventricle is the corner.stone of the heart and 
circulation, its failure predicates irremediable diaster. This, again, is in con¬ 
trast to the findings in mitral stenosis, Avhere, despite profound pathologic and 
clinical changes, even to the point of prolonged congestive failure and invalid¬ 
ism, the left ventricle retains its indispensable function—actual, compensatory, 
and recuperative—almost to the end. 
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3. Pliysiologicall.v, because of the jetlike ejection of relatively small amounts 
of blood with each left ventricular contraction, the systolic blood pressure may 
not reach high levels although it is perhaps sustained and maintained longer 
than usual. Diastolic pressures, however, remain high so that the pulse pressure 
is small and coronary artery filling, now under greater stress because of the 
demands of an increased myocardial mass, may be inadequate. As such, these 
patients are often precarious anesthetic risks, to say nothing of the superimposed 
danger of surgery. 

CLINICAL, COHRELATION OP PATHOPHYSIOLOGIC CH^tNGES 

To recapitulate, therefore, as a result of these pathophysiologic changes, the 
ultimate prognosis in a given ease of aortic stenosis, almost invariably ealeified 
and immobile, lies purely in the integrity of the left ventricular myocardium. 
This chamber attempts valiantly to maintain adequate systemic circulation. 
Slyoeardial work is required to impai-t velocity to a necessary volume of blood. 
As the valve area diminishes, increased propulsive pressures accompanying loft 
ventricular hypertrojiliy arc clinically manifested bj- forceful heart action and 
lieart consciousness. Added demands for increased cardiac output arc thwarted 
by tbe unyielding valve, and fatigue and palpitation develop. The left ven¬ 
tricular pressure rises in an attempt to overcome the obstruetion; a systolic 
pressure of 400 mm. Ilg represents the extreme in our experience. Once a 
critical valve area is reached (approximately 0.7 em.^, according to Gorlin'), 
the heart is unable to maintain an adequate output. Dizziness, syncope, and 
angina—with or without the specific changes of coronary arterial disease— 
hecome evident. The left ventricle under these ciroumstances must ultimately 
fail and, when this occurs, disaster follows in its wake. Pulmonary conges¬ 
tion and edema, right heart failure, and the ever-present threat of sudden 
death arc the consequences of this uncompensated phase of aortic stenosis. 
Once this stage of diminished cardiac output with failure of the left ventricular 
myocardium is reached, the prognosis becomes grave and, as a rule, patients in 
this predicament have but a matter of months to live. 

CLINICAL CLASSIFICATION OF AORTIC STENOSIS 

The necessity for translating this inexorable chain of pathophysiologic events 
into a reasonable, practical, clinical classification, as a basis for surgical inter¬ 
vention is obvious. Such a clinical chain of events through which the average 
patient with aortic stenosis will pass is readily recognizable, although perhaps 
not clearly defined in the mind of the physician in the light of surgical advances. 
For a number of years we have used a system of staging (Table I) so that when 
the afflicted patient presents himself for evaluation, some estimation of the 
patient’s status in relation to the timing of possible surgical intervention can 
be made.' In this way it is almost immediately possible, within reason, to recog¬ 
nize just where the patient may be in the over-all course of his disease syndrome. 
Thus, the patient can be more intelligently managed. 
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1. Clinioal Classification op Aortic Stenosis 

STAGE i symptoms 

Before Left Ventricular Failure 
1 Asymptomatic—murmur only 

n Fatigue, heart consciousness, palpitations 

III Syncope and/or angina—reduced cardiac output 

After Left Ventricular Failure 

IV Episodic pulmonary congestion 

V Prank congestive failure 


Stage I is that period during which the typical systolic murmur o£ aortic 
stenosis is present, but before subjective symptoms have resulted. Stage II 
marks the onset of an ill-defined period in which tlie patient becomes subjectively 
aware of his forceful heart action, palpitations develop, easy fatigue becomes 
noticeable, and his attention may be called to the miusual visible pulsations in 



his supraclavicular and suprasternal notches. Admittedly, this stage is not 
specially characteristic of aortic stenosis per se, but when seen in the patient 
whose cardiac disease is that of aortic stenosis, the combination of the valvular 
changes and symptoms takes on added significance. It is an indication that the 
myocardium is beginning to feel the effects of an unyieldhig obstruction at the 
aortic level (Fig. 2). Stage III ushers in the obvious period of progressive ebs- 
ability due to a diminishingly effective cardiac output, evidenced ceiTibrally by 
spells of dizziness and actual syncope or myocardially by substernal discom oi , 
tightness, effort-angina indicative of an inadequate coronary flow. With begin¬ 
ning left ventricular failure, Stage IV is characterized by episodes of pulmonaij 
congestion and edema, at first rather easily controlled by medical measuies bu 
shortly to become refractory to even the most vigorous management. Sta^e 
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connotes impending disaster and early demise for, in addition to left ventricular 
failure, superimposed right heart failure with liepatomegaly, ascites, and periph¬ 
eral edema now labels the heart picture as one of almost irretrievable damage 
not to he reversed by any regime, medical or surgical. 

AVith such a progression of easily recognizable clinical findings, it becomes 
obvious that if surgery is to be of any real benefit it must be performed at a 
time when the integrity of the left ventricle is still intact. Ideally, therefore, 
tho patient in Stage II would represent the best candidate, for the mortality 
will be low and the functional result in tci’ms of myocardial efficiency high. Cer¬ 
tain it is that the patient should not be allowed to go beyond Stage III for as 
a rule, even at this relatively late hour, the myocardium has not failed. Once 
compensation of the left ventricle has been broken, tho mortalit_y resulting from 
surgerj', whatever tlio technique, cannot fail to rise and the ultimate clinical 
result be reduced. Improved surgical techniques in veiy recent years have 
resulted in considerable salvage of patients in Stage IV and even in Stage V, 
hut resort to surgery at this late date is like closing the barn door after the 
horse has been stolen. These facts will become more obvious with careful 
study of the clinical data from our own personal experience to be presented 
below. 

niSTOHV OP AORTIC VALVE SUHOEItY 

The saga of aortic valve surgery has been a sporadic one. One of tho earli¬ 
est reported approaches to this valve was by Becker, an ophthalmologist (1872) ^ 
During his study of tho retinal vascular changes seen in aortic insufficiency, he 
lacerated the aortic leaflets in animals, emplojdng a glass rod passed doivn 
through tho carotid artery into the ascending aorta. Tuffler,* in 1913, is 
credited with the first direct attack on aortic stenosis in a clinical patient. Al¬ 
though he proposed to incise the stenotic valve in a 3G-year-old subject, at the 
time of surgery he was satisfied to invaginate the aortic wall into the valve 
orifice manually. The patient survived this procedure. In the light of present 
knowledge, it is hard to conceive that this method could have effectively relieved 
much of tho stenosis encountered. Brock,’ in 1947, visualized the aortic valve 
through the right subclavian artery u.sing a specially designed cardioscope. 
His intent was to relieve the aortic .stenosis by direct instrumentation but, after 
seeing the irregularly calcified valve which presented itself, it seemed obvious 
that direct valvotomy could not be carried out without undue risk. A major 
impetus to aortic valve surgery was provided by Smithy® who himself suffered 
from the ravages of the disease he hoped to be able to control. He concluded 
from his experimental work that the trausventrieular route to the aortic valve 
was preferable. Interestingly enough, he also chose this same approach to the 
mitral valve. 

Experimental studies reported by Bailey, Glover, O’Neill, and Kedondo 
Eamirez," in 1950, included attempts to replace tho valve by grafts, bypass pro¬ 
cedures to circumvent the aortic valve, baclnvard cutting punches to open the 
valve commissures, and various modifications of direct valvn’ 
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as suggested by the work of Brock with regard to pulmonary valvotomy. Direct 
vision replacement of stenotic valves using a baffle clamp was reported by Lit- 
wak, Gadboys and their associates in 1952.® In 1953, Daniel and Scott® at¬ 
tempted to open stenotic aortic valves in 3 patients by direct insertion of a finger 
through the myocardium of the outflow tract of the left ventricle, but none of 
these patients survived. 

Sarnoff and Case,^® experimentally, used plastic valves of the Hufnagel 
type interposed between the left ventricular apex and the aorta to bypass the 
aortic valve but the high incidence of ex-ythroeyte destruction and resultant 
emboli precluded clinical trial. Plastic and tissue diverticula sutured to the 



Fig. 3.—An early approacli to aortic stenosis using the right carotid artery for the introduction 

of a valve splitting instrument. 

aortic wall just above the valve area have been used as tunnels to pernxit digital 
palpation and manipulation of the valve (Fig. 4). Glenn,“ Bailey,^® Swann, 
and Harken^^ have expressed enthusiasm for this approach. Open cardiac sur¬ 
gical procedures employing hypothermia or extracorporeal bypass have received 
considerable attention in recent years. Valuable contributions to this aspect 
of the problem have been made by Swan,^® Lewis, and Lillehei^^ and their asso¬ 
ciates. "Whereas this latter approach may ultimately be of considerable value in 
the congenital forms of aortic stenosis when employed at an early age, it would 
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seem to have little place in the surgery of aecpiired aortic stenosis until such a 
time as it becomes feasible to resect (totally) the damaged valve and to replace 
it Avith a plastic prosthesis. 

THANS\n:NTHicunn apphoach to aortic stenosis 

Despite the many ingenious approaches outlined, we have been convinced 
from the inception of modern valvular surgery that untd hopelessly diseased 
and distorted aortic valves can be removed and replaced with impunity, the best 
functional result with the lowest risk to the patient will be obtained using a 
properly performed transventricular route. To support this contention, a con¬ 
secutive series of 78 cases is presented, representing the two phases of transven- 
trieular commissurotomy techniques performed in this eliuie. This series was 



Fiff 1—AppiOrXCli to the aortic %al\e throuRh the aorta it'self cmploj’inff a plastic slcovc 
sutured to the aortic ^\all for the inseitlon of exploring flngei and instrument. 

begmi in ilarch, 1951, and for purposes of this presentation includes every 
patient operated upon through June of 1957. The age range in this group 
was fiom 4 to 57 In 24 ot the.se patients, combined mitral and arotie commis¬ 
surotomies were performed. In one instance, an associated coarctation of the 
aorta was resected with end-to-end anastomosis, after which the aortic commissu¬ 
rotomy was accomplished. The great majority of these operations were carried 
out in patients in the far-advanced stages of their disease as seen in Table II. 
Seventy of the 78 patients had moderate to marked calcification of the aortic 
valve. Thirteen were in permanent atrial fibrillation (ten of ■ were 
fering from both mitral and aortic stenosis). 
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Table II, Analysis of Late Deaths Following Aortic Commissurotomy 



NUMUEi: OF 

SUltVIVAE I’EUIOD 

—- ._ 

STAGE 

CASES 

(MO.) i 

CAUSE OP death 

Old Technique 




II 

1 

10 

Subdural hcniatonia 

III 

4 

5 

Congestive lieart failure 



24 

Congestive heart failure 



J7 

Congestive heart failure 



o5 

Coronary occlusion 

IV 

1 

8 

Sudden collapse 

V 

O 





41 

Congestive heart failure 



5 

Pulmonary embolus 

Neiu Technique 




III 

2 

12 

Congestive heart failure 



7 

Congestive heart failure with aortic 




insuirieieney 

IV 

•1 

o 

9 

Suicide 



14 

Congestive lieart failure 



1 

Congestive lieart failure with aortic 




insutlieiency 

V 

2 

4 

Active rliouniatie heart disease with 



2 

bacteremia 




Cardiac arrest 


15 

1 to 41 



The first 37 cases in this series were operated upon by the old original tech¬ 
nique as reported in 1952,^® employing a large three-bladed expandable split- 
dilator (Larzelere-Donaldson design) inserted through a widely purse-stringed 
avascular area near the apex of the left ventricle (Fig. 5). This method has 
long since been abandoned because of the unwieldiness of the instrument, the 
unnecessary myocardial trauma, and the excessive blood loss which it occasioned. 
The remaining 41 patients, operated upon since June of 1955, were operated 
upon by a greatly refined technique using a dilator demonstrated by Sir Rus¬ 
sell Brock.® This instrument is light but exceptionally strong, is no larger in 
caliber than the usual lead pencil, and its expandable head is equipped with two 
parallel blades rather than three as were formerly used (Fig. 6). It does not 
cut but dilates the valvular orifice to cause splitting of one or two commissures, 
occasionally three. Briefly, the technique as employed is as follows: a left 
posterolateral approach is used entering the pleura through the widely opened 
fifth interspace giving excellent exposure to the left ventricle and indeed the 
entire left heart. The pericardium is opened vertically, anterior and parallel 
to the phrenic nerve from the level of the aortic arch to the diaphragm, thus 
widely exposing the left heart and great vessels. The aortic ring and its con¬ 
tained valvular tissues are explored externally by palpation and, in most in¬ 
stances, considerable information regarding the type of valve to be encountered, 
including the degree of calcification and its involvement of the surounding aortic 
wall or myocardium, can be gained. The ascending aorta is likewise palpated 
for an estimation of the degree of thrill present and the extent of the post¬ 
stenotic dilatation of that structure. Direct pressures are taken from within the 
ascending aorta, the left ventricle and the left atiaum. The systolic aortic 



FIf? 5—Tl\e otife'inal huge al^eU throe-bU<lcd aoitic Nahc dilator for tiansventncular ap 
proicli to tlie vaho Note guido who in the aoila over which the Instrument is tlireaded an I 
tlie wldu myocardial puisc'string suture employed for hemostasis during manipulation 



Pig. c—The small but powerful two hladed dilator piesu’iH for /^^ansventricul ir 

approach. 
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ri-adient indicative of a block has ranged from 30 to 250 mm. Hg in this series. 
Phere are those who feel that the measurement of these presstmes under anes- 
hesia and in the open chest in this manner is of little value and is not an accu- 
•ate hemodynamic measurement. While this may be true in the strict academic 
sense, for practical purposes tliese measurements are of the greatest value for 
lot only do they give one an estimation of the degree of block, but by comparing 
n'e- and postcommissurotomy pressures veiy definite knowledge of the efficacy 
)f the procedure performed can be obtained. Indeed most of the pressure trac- 
ngs taken in this manner agree amazingly closely to those taken by left heart 
jatheterization prior to surgery, so that we believe that this type of hemody- 
lamie control is absolutely essential to the proper performance of aortic valve 
surgery. A Statham P23D transducer, using an atmospheric 0 point, is the 
:ype of gauge employed. The head vessels are not isolated or constricted in any 
nanner during the operative procedure. In an experience with over one thou- 
and mitral commissurotomies, no diminution in the incidence of cerebral emboli 
muld be recognized between patients in our series wlio did not have temporary 
seclusion of these arteries and in the series of others in which this measure was 
employed. Indeed, we feel that such a measure is more dangerous than no 
Dcclusion at all. Strangely, altliougli one would expect a much higher incidence 
of. emboli in aortic stenosis in wliieli tlie valves am almost imitinely heavily cal- 
rified, embolism, in our experience, following aortic eommissurotomj’’ has been 
rare, considerably less than tliat seen in mitral commissurotomy, 

A 1 cm. incision is made halfway throxigh the thickened left ventricular 
myocardium, so as not to enter the lumen, in an avascular area near the 
apex of the left ventricle. No bleeding results from this initial incision. No 
purse-string suture and no stay sutures of any tj^xe are used for they tend to 
damage or crusli the myocardium or often pull out with resultant laceration 
of this muscle. With this technique, bleeding is so minimal that such measures 
ire not needed. It is vital to recognize this fact for this is one of the major 
refinements responsible for present improved mortality statistics. At this point 
all is in readiness for the passage of the aortic dilator. The second major fea¬ 
ture in this improved technique occurs at this point. All operative manipulation 
ceases, and for 5 minutes by the clock the anesthetist completely expands tlie 
lungs and oxygenates the patient to the fullest. It is felt that this lowers the 
possibility of myocardial ischemia and resultant ari-hythmias during tlie period 
of manipulation and, since obseiwance of this feature, arrliythmias other tlian 
an occasional prematux’e contraction have rarely been seen. Exposure is then 
obtained and the tivo-bladed Brock dilator is gently pressed into tlie previously 
initiated incision. As the mjmeardium contracts and relaxes the dilator held 
against it with slight pressure dissects its own way through the myocardium into 
the lumen of the left ventricle. The dilator is then guided upward and passed 
through the stenotic orifice, being aided in this maneuver by the external hand 
which is placed about the aortic ring as a target at which to aim. The entire 
passage of the instrument is done slowly and with deliberation and in a very 
gentle manner so that there is no jabbing or thi'usting under pressure. It is 
very important to realize that the initial passage toward the aortic valve is 
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downward toward the floor, rather than immediately upward toward the head. 
This point might be forgotten in the excitement of the operative maneuver. To 
direct it immediately upward is to impinge upon the interventricular septum or 
myocardium leading to injury or arrhythmia. A few seeonds may be necessary 
to find the e.xaot orifice for often one impinges upon exuberant calcified plaques 
and induration occurring in the outflow tract just proximal to the valve or 
protruding down from the valve itself like thickened stalactites. With care 
and deliberation there has been no instance where the valve orifice could not 
easily be entered. The hand (left) which is palpating the aortic ring externally 
can appreciate the presence of the dilator rvitliin the orifice, and can feel half of 
the dilating head extending out into tlm aorta itself. When the dilator is properly 
placed, it is slowly opened to its full extent, first in one plane, and then is care¬ 
fully rotated in two other planes to ensure the maximum separation of fused 
valve elements at the commissures. No attempt is made to recognize anatomi¬ 
cally each commissure, for these valves are so badly diseased and distorted that 
such recognition is impossible. The dilator is merely opened where it will, in 
the three planes mentioned, and routinely the fused valve cone tvill split at its 
commissures. One and usually two commissures are readily opened in this man¬ 
ner, occasionally three, although tliis latter is unusual. One can feel the valve 
split and crunch as its calcific fusion is split asunder. It is the source of utter 
amazement that all of these patients do not suffer clinical emboli at this time 
for, without question, innumerable sandlike particles are dispersed into the 
eireulatiou but, as stated above, evidence of clinical emboli during the postopera¬ 
tive period rarely is seen. Should the head of the dilator be felt to slip upward 
into the aorta or backward into the ventricle because of the toughness of the 
tissues, thereby modifying the splitting compression, the maneuver is repeated 
rapidly at two or three levels along the outflow tract or up in the aorta to ensure 
maximum separation of valvular elements. The instrument is closed and slowly 
withdrawn. Pressure over the small, linear, 1 cm. incision with the finger and 
a sponge for 1 or 2 minutes will in almost every instance cause complete cessa¬ 
tion of bleeding, and with careful manipulation the tiny incision has not been 
enlarged upward or dovmward, so that an absolute minimum of myocardium 
will have been injured. When the heart rate and action is stable and the blood 
pressure has returned to the same level as it was prior to commissurotomy, the 
pressures are repeated in the aorta, left ventricle, and left atrium. In most 
instances, the gradient will have dropped dramatically. In others it will not 
seem to be entirely effective so that the dilator may be replaced two, three, and 
even four times, for it is well tolerated as a rule. Occasionally the head of the 
dilator is removed and another of the same design but larger is attached, a 
modification of Brock’s instrument. This has been effective in further reduc¬ 
ing the gradient. In many instances, the gradient has been aU but abolished 
and in many others has dropped to less than 30 mm. Hg. One must remember 
that often it is obviously impossible to abolish completely the block at the aortic 
valve level because of the physical presence of large amounts of calcium, the 
presence of which at this location alone precludes such an accomplishment. 
Such a valve cannot retract or open completely. When the hopeless nature of 
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the disease present is fully appreciated it will be recognized that the surgeon is 
attempting merely to improve flow to a maximum degree and not to restore the 
valve or its action to a normal state, obviously impossible. Most valves in ac- 
O^^^od stenosis have lost all semblance of a valve for* there is little if any pli¬ 
ability to assure valve action. One is therefore attempting to provide an in¬ 
creased orifice and hopes that some measure of valve motion may be restored, 
depending upon the individual nature of the particular patient’s pathologic 
changes. Not more than this can be expected until the day when this entire 
calcified structure can be resected and replaced by a suitable prosthesis. 

The tiny myocardial wound is reinforced with two or thi-ee heavy sutures, 
the pericardium is closed completely, a -dependent incision having been placed 
posteriorly for drainage into the pleural space. The chest is closed in the usual 
manner, using catheter drainage of the pleural space routinely, Eecently, in 
those patients whose myocardium has deteriorated to an exceptional degree or 
in whom angina pectoris was a prominent preoperative symptom, the internal 
mammary arteiy is divided from within the left chest at the level of the second 
anterior interspace and, after the chest is closed and the patient placed on his 
back, the right internal mammary artery is divided through a small secondary 
incision. This feature has been added because of the marked symptomatic im¬ 
provement obtained in many patients suffering from angina pectoris secondary 
to coronary insufficiency when this procedure has been employed.^® 

HEltODYNAMIC OBSERVAl'tONS 

In this series of eases, cardiac and arterial catheterizations were carried 
out preoperatively in 47 instances, this form of study being used only sporadi¬ 
cally before June, 1954. When possible, and this was accomplished not infre¬ 
quently, the arterial catheter placed into the arch of the aorta was passed retro- 
gradely across the aortic valve into the left A'entricle. Aortic and brachial artery 
pressure tracing routinely showed contours suggestive of aortic stenosis with a 
typical curve, indicating a delayed and notched ejection phase. Cardiac out¬ 
puts (Fiek) varied from 2.10 to 5.96 L. per minute, averaging 3.77 L. per min¬ 
ute for the catheterized series. 

As stated, since December, 1954, direct pressure studies have been routinely 
made at the time of surgery (Fig. 7). The differential pressures before aortic 
commissurotomy have agreed sy.stematically with the preoperative valvular 
gradients obtained. The preeommissurotomy systolic gradients across the aortic 
valve have varied from 8 mm. Hg to 250 mm. Hg, averaging 78 mm. Hg. (The 
patient having only an 8 mm. Hg gradient Avas operated upon mistakenly, for 
although her studies and sjonptoms Avere characteristic of aortic stenosis, at 
operation she proved to be suffering from idiopathic hypertrophy of the left 
ventricle Avithout valvular component.) Postcommissurotomy aortic valve gradi¬ 
ents range from 0 to 75 mm. Hg, averaging 27 mm. Hg. 

A slightly greater hemodynamic change occurred in the patients avIio as yet 
had not gone into failure prior to surgery. Of 19 patients in Stage II or III 
having operative pressure studies, the left ventricle-aortic systolic gradient 
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averaged 83 iimi. Hg before and 29 mni. Hg after commissurotomy, a reduc¬ 
tion of 54 mm. Ilg, obviously of marked signiflcauce. The aveiagc .systolic 
gradient in 24 patients in Stages IV and Y (after left ventricular failure) 
dropped from 70 mm. Hg to 28 mm. Hg following commissurotomy (a 42 mm. 
Ilg reduction). 
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Fjff. 7—Pro* and postaortlc commissurotomy pressinc tmtings taken the left 

\entrIclo and aorta Note the highly s'itlsf‘\ctor> reduction of the aortic \uhe block (from 
lOS mm. Hg to 19 mm Hg) 
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PRE-OPERATIVE POST-OPERATIVE 

Fig S—Typical hemodynamic response ^vithin left ventricle and aoita to trans\entucular 
aortic commissurotomy b> the methoil described (recorded at 1 mm/sec paper speed) 

It is obvious tliat complete abolition of the valvular gradient rarely ensues 
for reasons considered above, namely, the natuie of the pathologic changes 
present (Pig 8). These hemodynamic results are an improvement over 
those which have been published (very few leported) by all otlier aoitic val¬ 
vular approaches (Pig. 9). 
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HORTALITY 

As yet no appicciablG series of patients in wliom exti'acorporeal methods 
were employed in the relief of acquired aortic stenosis have appeared in the 
literature, but in a few small series reported the mortality rate has ranged 
from 50 to 100 per cent. This obviously represents a developmental phase 
which should be short lived once adequate valvular replacement becomes pos¬ 
sible. In the recent past, Bailey has reported an operative mortality of 15.1 
per cent using the aortic approach to the valve, but few have attained these 
results. On the other hand, Brock’s success with the transventricular route 
has been very impressive. His over-all operative mortality has been 16 per 
cent but in his most recent 63 reported cases, there were but 4 deaths, an ex¬ 
tremely respectable 6 per cent mortality.® 



Fig. 0.—Average preoperative anil pobtoperative gradients for the entire series of patients with 

aortic stenosis. 

The deaths in this series of 78 patients arc divided into two categories. 

Operative Deaths .—Those patients who died in the hospital during or 
after surgery up to 1 month. 

Of the 37 patients operated upon by the older obsolete technique, there 
were 17 deaths, a mortality rate of 46 per cent, obviously intolerable. 

In the more recent group of 41 patients operated upon by the present 
technique outlined above (since June, 1955), there have been but 2 deaths or 
a very respectable mortality rate of 4.9 per cent. 

In both groups, 17 of the 19 operative fatalities were in patients in the 
late stages of their disease, having been in repeated cardiac failure (Stage IV 
or V), and 13 were in Stage V. There were 13 deaths of cardiac origin (mech¬ 
anism deaths); the remainder occurred during the postoperative hospitalization 
from congestive heart failure (3), myocardial infai'ction (1), operative embolus 
(1), and cerebral vascular accident occurring 10 days postoperatively (1). 
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Late Deaths —In the entiie scries, 15 patients have died since leaving 
the hospital (1 to 41 months aitei siugeij) Eight of these late deaths oc 
timed 111 patients it ho liad been subjected to the old opciative technique, 7 
deaths noie in the gioup ivho undeniciit the new opoiatuc teclmique Tliese 
data aie incsentod in Table II It should be added that one of the patients uho 
died at a late dito aftei siiigeij' did not die fiom his eaidiac disease pei se 
foi ho tommitted suicide This was stiange foi lie had obtained a good fune 
tioiial lesult but Ined in feai and diead of Ins disease potential and could 
no longei face lealitj because of tins feai 

Although manj of these patients ha\e died in vaiious paits of the conn 
tiy, autopsies haie been obtained in 16 Coionaiy occlusion was demonstiated 
111 2 of these The coiouaij aiteiics ucic patent in the leinaming although 
some evidence of atheioscleiosis was as a lule obseived 

CLINIC VL liESULTS 

The pieseiit status of patients picscntly living has been ascertained by 
eithei diieot e\ainination oi fioiii speciflc lepoits fiotn their refeiiing physi 
Clans Tweho of the 37 patients opoiatcd upon by the oldei technique aie liv 
mg to this day (3 to 7 jeais) and all aic distinctlj irapioved Then ability to 
\toik, ualk, and indulge in mild cxcicise is distinctly bettei than it had been 
111 any tune dtiiiug the yeais immediately bcfoie suigeiy, so that foi them the 
opeiatioii was uell woith while One patient has occasional dyspnea on esei 
tion and anothei takes mfiequeiit nitiogljccriu tablets foi chest pam but othei 
wise lemains iinpiovcd 

Thiitj thiee of the 41 patients opciated upon bv the new technique June 
1, 1955, to June 1, 1957) have been analyzed, theie being a leasoiiable length 
ot obseiiation of a jeai oi moie foi analjsis Twenty five of these aie alive and 
22 aie veiy definitely impiocod These have shown definite syniptomatie iin 
piovement and in them again siugeiy lias been ot gieat benefit To be suie, 
these patients realize that they do not have now hearts or new valves, but aie 
now living with then diseased condition m a vastly impioved state but lequiie 
eaietul medical obseivation and inaiiageiiieiit None of this group has shown 
signs 01 symptoms of aoitic insufficiency Nineteen of them have letiuned to 
various degiees of woik, ranging fioiii housewoik to welding The incidence of 
syncope, di/ziness, shoitness of bieatli, chest pain, orthopnea, and lecuiient eon 
gestive failuie has been uinfoimly nmiioved or in most instances abolished 
Thus, 22 of tins group of 33 patients in tins newer gioup have been very iiia 
teiially helped by surgeiy (67 per cent) The remaining 8 patients of the new 
gioup of 41 aie all living and impioved within the fiist year but not enough 
time has elapsed to include them in the laigei gioup of late results 

Tliiee patients in the newer group have not been benefited, although thci 
aie still alive One is the patient opciatcd upon with an eiioneous diagnosis 
which proved at opeiation to be that of idiopathic hypertiophy of the left 
centiiclo without valvulai involvement Anothei patient, altl "hie 
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work intermittently, is ortkopneic, has angina, and dizziness, and is nnable to 
climb stairs. The third patient, while improved from the cardiac standpoint, 
is still reenperatiug from an operative cerebral embolus (Table III). 


Table III. Long-Term Results Following Aoutic Commissurotomy 



NUilBER OB' 1 

SURVIVAL PERIOD 


STAGE 

CASES 

(.MO.) 

prb:sb;nt statu.s 

Ot(l Techniqiu 




11 

2 

S2 anti 57 

Inirroveil 

ni 

4 

as to (ia 

2 Improved 




2 EscL'llent 

IV 

-1 

a7 to (ii 

Improved 

V 

2 

47 ami (55 

Improved 

Total 

12 



i\’eiv Teolinique 




II 

1 

l<j 

Excellent 



.S to ai 

5 Excellent 




7 Improved 

III 

i:i 


1 Unimproved 



9 to 22 

a Excellent 




5 Tniproved 

IV 

9 


1 Unimproved 

V 

o 

10 to 27 

Improved 

Total 

25 




DISCUSSION 

It is thought that the technique employing the transventricular route is 
the best possible form of surgical palliation for aortic stenosis at the present 
time and until, by open-heart methods, the valve can be replaced. When one 
considers the pathologic changes with which the surgeon must cope, and realize 
that the pathophysiologic changes resulting from the disease are inexorable and 
follow a rather set pattern, it becomes obvious that the only way to improve 
these results is by earlier selection of patients for snrgcry. Because, in recent 
years, most physicians have had considerably more experience with the problems 
of mitral stenosis than they have had with those of aortic stenosis, much con¬ 
fusion exists as to what constitutes the proper indications for surgery in aortic 
stenosis. Patients are being referred for operation in aortic stenosis on the 
basis of indications employed in mitral stenosis, dhis practice must terminate 
for the two conditions present major differences. The difference lies in the 
effects which these two valvular conditions exert upon the integrity of the left 
ventricular myocardium. The left ventricle is the cornerstone of the heart. 
Despite numei’ous and repeated bouts of pulmonary edema and right ventiiculai 
failure, the left ventricle in mitral stenosis has been spared and remains as a 
strong and effective chamber. Actually, valvular obstruction at the mitral level 
has provided a measure of protection. It folloivs then that decompensation 
in mitral stenosis' is essentially right heart failure and not left. With the 
establishment of moi'e noi*mal mitral valvular mechanics by surgery, the left 
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ventricle can resume its fundamental role of maintaining total circulation effec¬ 
tively. Thus, if one waits in mitral stenosis for mnnerous bouts of congestive 
failure to occur, these patients may still he improved to a high degree mainly 
because of the highly effective action of the left ventricular myocardium. These 
facts have influenced the physician’s thinking and have determined his re¬ 
ferral of all valvular patients for operation. The delay in waiting for the 
signs and symptoms of decompensation to appear is the greatest single factor 
in the poorer results obtained in the surgcr.v of aortic stenosis. 

It must be realized and repeatedly emphasized that from the very begin¬ 
nings of aortic stenosis the brunt of the obstructive effect is absorbed by the left 
ventricle itself. It follows, therefore, that when the patient with aortic stenosis 
shows signs of decompensation, his cardiac failure means left ventricular failure. 
One cannot wait in aortic stenosis, therefoi-e, until pulmonary congestion or 
frank congestive failure have developed, for myocardial reserve will then be all 
but gone. This distinct difference between the effect of mitral stenosis and aortic 
stenosis must be appreciated to the fullest extent before patients suffering from 
the latter condition will receive their best possible chance for survival and im¬ 
provement. One has only to appreciate the fact that 17 of the 19 operative 
deaths in this series were in patients who bad already experienced left ven¬ 
tricular failure to com])rchend that new and realistic criteria for operation must 
be established if these patients ai'c to be given a fighting chance. Furthermore, 
once siirgety 1ms been performed, these patients must not be sent out into the 
world to fend for themselves, medically speaking. They need careful medical 
advice and management indefinitely for the future. Even in those patients 
who have obtained the best hemodynamic response at the time of .surgery, one 
must appreciate the fact that the left ventricle for years has been taxed to its 
uttermost and now needs intelligent careful support for its remaining lifetime 
To recapitulate: when the nature of the pathologic changes in aoi’tio stenosi.s is 
fully appreciated, when the ])h,v.siologic and m.voeardial effects of these changes 
are recognized, when the patient is referred for operation prior to left ven¬ 
tricular failure, and when surgery is perfonned by a swift and simple technitpie, 
then, and only then, will patients suffering from this most difficult of all valvular 
lesions be given their best chaiice for survival and maximal functional improve¬ 
ment. 

SUItMAKV 

1. Seventy-eight patients with aortic stenosis have been operated upon by 
the transventrieular approach since March, 1951. 

2. The first 37 patients were operated upon using a now outmoded tech¬ 
nique, with 46 per cent operative mortality, 

3. The last 41 patients have had split-dilatation of the valve by the present 
method, with 4.9 per cent operative mortality. 

4. The average systolic peak gradient aei’oss the valve has been, reduced 
from 78 mm. Hg to 27 mm. Hg. 
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5. There have been 15 late deaths, 8 in the earlier group, and 7 in the 
group operated upon by the present operative technique. 

6. Thirty-four of 37 surviving patients operated on more than 1 year ago 
have shown definite improvement from their surgery. 

7. It is believed that, until the diseased aortic valve can he totally removed 
and replaced, the transventricular approach offers the best form of surgical 
palliation with the least possible risk. 
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CLOTTING DEVIATIONS IN MAN ASSOCIATED WITH 
OPEN-HEART SURGERY DURING HYPOTHERMIA 

Kurt N. von Kaulla, M.D., and Henry Swan, M.D., Denver, Colo. 

INTRODUCTION 

O i’EN-iiEART surgery performed under hypotliermic anesthesia or with the 
utilization of an extracorporeal circulation subjects the individual to a 
stress situation in which the blood is subjected to physical changes in its en¬ 
vironment. It is conceivable that the manipulation of tissues, such as the lungs, 
during the operative procedure may effect the physiologic equilibrium of the 
clotting and fibrinolytic .systems by the release of activators and/or inhibitors 
into the circulating blood. It is also possible that hypothermia or the use of the 
pump-oxygenator may induce or enhance changes in the mechanism of clotting. 
Consequent!}’, we have investigated the nature of the clotting deviation.? which 
may occur under these conditions. This communication presents our investiga¬ 
tion of tlio cliangcs in the clotting mechanism during open-heart surgery under 
hypothermic anesthesia. The changes associated with the utilization of the 
e.xtracorporeal pump-oxygenator are presented in another publication.’” 

PROCEDURE 

Citrated plasma (one part sodium citricum tribasicum U.S.P., 3.8 per cent, 
to four parts of blood) was used throughout the study. The blood was obtained 
by a two-syringe technique and the plasma was immediately separated by centri¬ 
fuging the specimen for 5 minutes at full speed in an International clinical 
centrifuge. The plasma was processed within 30 minutes after the specimen 
was obtained, and ordinary Pyrex glassware* was used during the determina¬ 
tion. The average lowest temperature obtained during hypothermic anesthesia 
was 28° C. The following clotting tests were performed at both 28° C. and 
at the conventional test temperature of 37° C. 

1. Reoalcification Time .—This test indicates the over-all coagulability of 
the blood. In a test tube, 0.03 c.c. of 0.5M CaCL was carefully blomi into 
0.3 c.c. of prewarmed plasma. The end point indicating completion of clotting 
(recalcilication time) is reached when tlie tube can be tilted to an angle over 
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•In most cases. 
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90 degrees without spilling liquid. Our modification of this test is more sensitive 
for deviations than the Lee-Wlute time, and undesirable dilutions of plasma are 
kept at a minimum. This plasma dilution is brought about by the conventional 
recalcification procedures and disrupts the normal relationship of inhibitors 
and activators in the plasma. The normal recaleification times at 37° 0. are 
6 to 10 minutes. 

2. Pi'othromhm Consumption .—The prothrombin consumption reflects ab¬ 
normalities in the first phase of clotting; that is, the thromboplastin formation. 
This is measured by our own personal method herein described for the first time. 
The same specimen employed in tlie recaleification time study is used. Sixty 
minutes after completion of clotting, the clot was carefvfily but firmly wound 
around a small wooden applicator stick and removed from its serum. Then 
0.06 e.c. of 3.8 per cent sodium citrate was added to the serum. After an addi¬ 
tional 30 minutes (i.e., 90 minutes after the completion of clotting), the pro¬ 
thrombin not consumed during the clotting process was determined in the serum. 
To 0.1 e.c. of thromboplastin suspension (see below), 0.1 e.c. of fibrinogen solu¬ 
tion was added. The fibrinogen solution Avas made up of 1 per cent bovine 
fibrinogen Armour dissolved in a mixture of one part of sodium barbital acetate 
buffer, pH 7.4, and four parts of sodium chloride (0.85 per cent) stirred fre¬ 
quently for 10 minutes Avith 10 mg. of barium sulfate per cubic centimeter, 
and the clear supernatant fluid frozen in aliquots. The mixture Avas prcAvarmed 
for 2 minutes at 37° C., at Avhich temperature the final steps of the test Avere 
alAvays done, and 0.1 c.e. of the test serum A\'as then bloAvn into it. The clotting 
time Avas determined AAdth the sera remaining after clotting at 37° C. and at 
28° C. The seimm may be stored in the refrigerator for several hours before 
testing. The normal values for clotting at 37° C. are 40 to 60 seconds. 

3. Prothrombin Activity .— This couA'^entional one-stage prothrombin time 
is the result of the combined influence of the activity of prothrombin, factors 
V and VII (and inhibitors, if present). The gray matter of a fresh human 
brain, carefully cleaned of meninges and blood traces, is suspended in equal 
parts by Aveight of 0.85 per cent sodium chloride by means of a blender, and the 
mixture frozen in aliqAiots. An aliquot of this suspension, diluted Avith ten parts 
of 0.05]\I calcium chloride, is used as thromboplastin. The prothrombin ac¬ 
tivity Avas read in the usual manner from a plotting graph obtained from the 
thromboplastin batch Avhieh had preserved its full activity for months. 

4. Thrombin Time .— This test essentially measures the activity of heparin 
and heparin-like inhibitors. One thousand units of bovine thrombin Avere dis¬ 
solved in 5 c.e. of 50 per cent glycerol and stored at -10° C. One part of this 
solution AVas diluted in a siliconized test tube Avith 16 parts of buffered saline 
(see Prothrombin Consumption) Avith a pipette, 0.025 e.c. of this resulting- 
solution Avas bloAvn into 0.2 c.c. of preAvarmed (37° C.) eitrated plasma and the 
clotting times Avere measured. Care Avas taken to use the thrombin solution 
immediately after its preparation. Each batch of thrombin Avas tested on normal 
plasma. The normal values range from 11 to 13 seconds. 
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5 Fihiinuli/ii ^—Tile following test foi libimoljtio tendenej can demon- 
slialc an incicased ttmUncj towaid hbinioljsis which cannot be discoveiod 
m the piocess of watthing ‘ noiiiial” clots One pait ot citiated plasma was 
diluted with 18 paits of buiicied saline and clotted ivith 0 01 c e of undiluted 
thiombin solution The clot dissolution time was nicasuied Undiluted plasma, 
0 3 CP, was used and clotted with the same amount ot tlnombni Normal 
1 alias aio picsciit wlion theie is no fibiinolysis in 24 houis either in diluted 
01 in undiluted plasma upon incubation This method is not accuiate when 
used with hepaiinizod blood In its stead, in studies on liepaiinwed patients, 
the ouglobulin b'sis method, wlmli also giies infoimation about the fibnii 
olj tu, actuity of hepaiinized blood " is to be picfeiied 

G Tinoiiihehtitogiupliy —This pioceduie peiniits continuous lecoiding of 
ribiiii foiniation and iibiinohsis and gives a good estimate of the tiinniess of 
the clot Oui tiehiiKiue has been dtsciibid clsewlaie® 

CUNICIL IPPLICITION 

Tlieio weio 11 patients involved in this studj Eight ot these patients un 
deiwent open-heart suigeiv in assoeiatioii with hypotheiinic anesthesia while 
the lemaining 3 patients had then proceduies peifoimed undei uoimotheimia 
In geueial, the anesthetic agents used weie cyclopiopane ethei ooiubniations 
and, m some eases pentobarbital was administeied foi induction Cuiaie and 
Piostigmin wcic given in most instances, and tiansfnsioiis of stored ACD blood 
weie administcicd at the hcgimiing of the pioceduie with the xate ot infusion 
adjusted to the needs of the patient 

The patients involved in this study aic presented in Table I which includes 
the age and sex ot the patient, the tjpe of opeiative pioceduie the duiation 


Table I 





I 


— 1 

' OCCLU 1 

IOW TEM 


NO ! 

1 



1 SEN 

1 I 

1 SION 1 

1 EP VTI Rb 

BLOOD 


1 l VriENT 

1 AGE 


1 OUILVTnE PKOCEDUFE 

I (MIS ) 

(deppef C ) 

(cc ) 

1 

E 

C 

S 

M 

Trms.\nitn ul ir mfundibulcc 

5 20 

28 0 

400 






torn) , pulmonary valvulotomj 


27 0 

1 500 

n 

B 

S 

31 

M 

Division of patent ductus nr 

— 






tcriosus 





M 

M 

no 

P 

Suture closure of atrial septal 

5 20 

28 0 

1,j00 






defect 





R 

E 

U 

ar 

Suture closure of atrial septal 

710 

28 0 

l,o00 






defect 




5 

W 

S 

24 

p 

Suture closure of atrial septal 

5 50 

26 5 

7,800 






defect 




G 

JT 

E 

35 

r 

Suture closure of atrial septal 

6 13 

27 4 

2,300 






defect 




7 

C 

Z 

3 

M 

Pulmonary valvuloplasty 

3 00 

29 0 

300 

8 

Cl 

iM 

28 

M 

Suture closure of atrial septal 

4 20 

29 0 

2,000 






dcfii t 




9 

R 

H 

0 

M 

Resection of coarctation of the 

_ 

_ 

450 






aorta 




10 

M 

F 

31 

F 

Slitral commissurotomy 

— 

— 

800 

11 

^\ 

J 

48 

M 

riiuracoplastj, 3rd stage 

— 

— 

1,700 
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Tablj 




RECTAL 

temperature 

1 

KECALCrPICATION' TIJfE 

SERUM PROTHROMBIN 

TIME 




(DEGREES 

c.) 


1 


(StlN.) 


i 



(SEC.) 


I’A'X'IENT 

BA* 

1 AAt| 

Act 1 

DO§ 1 

coil 1 

BA 

1 AA 

1 AC 

1 DO 

1 CC 

BA 1 

AA 

1 AC 1 

DO 

1 CC 

1 

37“ 

37.2 


28.0 

28.0 

32.0 

5.00 


5.30 

4.30 

5.30 

62 


72 

59 

116 


28“ 








7.00 

4.20 

5.45 

— 

— 

62 

74 

78 

2 

37“ 


36.5 

32.8 

28.0 

33.0 


8.30 

29.00 

19.00 

9.30 


43 

35 

47 

49 


28“ 







7.20 

14.00 

14.00 

9.45 

— 

47 

44 

55 

60 

3 

37“ 

37.0 

36.8 

30.0 

28.9 

27.5 

8.00 

11.00 

8.30 

7.00 

7.00 

42 

43 

57 

58 

62 


28“ 






8.30 

10.30 

7.30 

9.45 

9.00 

54 

57 

49 

55 

68 

4 

37“ 

37.0 

37.5 

31.5 

28.0 

30.0 

5.30 

4.00 

6.15 

4.45 

9.00 

73 

63 

62 

124 

80 


28“ 








5.10 

5.30 

5.00 

— 

— 

115 

114 

119 

5 

37“ 

37.0 

37.0 

30.0 

27,5 

33.0 

8.00 

5.00 

5.00 

5.00 

6.00 

53 

54 

53 

57 

84 


28“ 






6.30 

6.30 

7.15 

7.00 

5.30 

130 

75 

79 

80 

115 

6 

37“ 

37.0 

37.2 

30.0 

27.5 

32.5 

7.30 

8.00 

7.30 

8.30 

6.00 

62 

G5 

68 

74 

79 


28“ 






7.00 

8.00 

6.30 

8.00 

7.00 

73 

76 

72 

85 

94 

7 

37“ 



32.2 

27.3 

36.8 

14.00 

19.00 

18.30 

12.00 

10.00 

28 

33 

40 

76 

75 


28“ 






10.30 

13.30 

15.00 

10.30 

8.00 

45 

64 

72 

69 

99 

s 

37“ 

37.2 

37.0 

32.0 

29.5 

31.0 

8.00 

7.00 

4.15 

5.30 

6.00 

57 

44 

50 

65 

53 


28“ 






12.00 

7.00 

4.00 

7.00 

6.00 

109 

88 

96 

88 

81 

9 

37“ 






6.00 

4.15 


5.00 

6.00 

60 

69 



140 


28“ 






— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10 

37“ 






31.00 

32.00 


18.00 

16.30 

31 

32 


28 

35 


28“ 






16.00 

17.30 

— 

12.00 

13.30 

62 

54 

— 

68 

65 

11 

37“ 






14.00 

17.00 


15.00 

20.00 

44 

27 


40 

41 


28“ 






9.00 

13.00 

— 

18.00 

12.00 

64 

60 

— 

76 

80 


•BA=Before anesthesia; tAA=After anesthesia; +AC=:After cooUntj; §DO=Durinjj opei'ation 


of infi.ow-oiitfl.ow occlusion, tlie lowest temperature obtained during liypothermia, 
and the amount of blood infused. 

The tests of the clotting mechanism were done at both 37° C. and 28° C. 
Attempts were made to obtain the blood specimens before anesthesia (BA), after 
anesthesia but before cooling (AA), after cooling but before operation (BO), 
during operation immediately after occlusion (DO), and after closure of the 
chest (CC) in all hypothermic patients (1 through 8); and before anesthesia 
(BA), after anesthesia (AA), during operation (DO), and after closure of the 
chest in normothermie patients (9 through 11). In some instances, additional 
clotting tests were performed on the following day. Our findings for these 
various determmations are presented in Table II along with the corresponding 
patient number and the lowest temperature recorded during the period of hypo¬ 
thermia. 
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I'KOTlinOMUIN ACTIMTY 
(IT.R CENT) 

THROMBIN TIME 
(SEC.) 

FIBRINOLYSIS 
(DILUTED PLASMA) 

LOWEST 
TEMPER.^ 
TURE (DE 

X 

AA 

AC 

DO 

CO 

n.v 

AA 

AC 

DO 

CO 

I.A 

AA 

AC 

DO 

CC 

GREES C. 

0 

— 

53 


45 

— 

= 

_ 

— 

— 

— 

- 

+++ 

- 

— 

28.0 



45 


40 





_ 


++ 

+++ 

-H-+ 

++-P 

28.0 


— 

— 


— 

— 

— 

— 

— 

— 

— 

— 

— 

'— 

+++ 


IS 

u 

13 


37 

14.8 

16.2 

10.5 

17.6 

18.9 

_ 

— 

z 

+++ 

— 

28.0 

»0 

GO 

55 

40 

40 

14.7 

13.5 

16.2 

16.5 

14.2 




+++ 


28.0 

— 


— 

— 

— 


— 

— 

— 

— 


— 

— 

+++ 

— 



GO 

GO 

53 

m 

14.6 

15.5 

19.5 

17.2 

16.5 

— 

— 


z 

+++ 

26.5 

ill 

51 

41 

35 

33 

11.4 

14.8 

15.2 

19.7 

14.0 

— 

— 

- 

— 

- 

27.4 

>0 

44 

43 

41 

39 

12.3 

15.0 

14.3 

14.0 

13.4 

- 

— 

- 

+++ 

- 

29.0 

>5 

55 

45 

42 

43 

10.0 

12,5 

0.8 

11.1 

12.0 

— 

- 

- 

- 

- 

29.0 

35 

57 

- 

82 

82 

12.0 

13.0 

— 

13.3 

10.2 

— 

- 

_ 

— 

- 


io 

44 

— 

43 

53 

12.0 

14.G 

- 

15.0 

11.1 

- 

- 

z 

- 

++ 


io 

55 

— 

G8 

G3 

17.9 

18.0 

- 

17.0 

17.7 

- 

+++ 

- 

- 

-H-+ 



’C=After closure of chest. 


RESULTS 

During the course of open-heart surgerj' under hypothermic anesthesia, 
the rccalcification time exhibited a trend toward shortening rather than toward 
prolongation. This applied equally to the tests performed not only at 37° 0. 
but also to those at 28° C. In only 1 of 8 patients could a elear-eut but tran¬ 
sient prolongation of the recalcification time be observed during the first phase 
of cooling (patient 2). It is interesting to note that this prolongation was more 
pronounced in the test done at 37° G. than at 28° C. Consequently, it is doubt¬ 
ful whether the clotting mechanism of this particular patient was even affected 
since the body temperature was 33° C. at the time of the determination. The 
lowest temperature reached was 27° C., but the reealciflcation time gradually 
returned to normal value. In general, the recalcifioation times done at 28° 0. 
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Table 




RECTAL 

TEMPERATURE 


RECALCIPICATION TIJtE 

1 

1 SERUM PROTHROMBIN 

TIME 




(DEGREES 

c.) 




(MIN.) 





(SEC.) 


ATIEXT 

BA* 

1 1 

Act 1 

DO§ 1 

cell 

BA 

1 AA 

1 AC 

1 DO 1 

1 CC 

BA 1 

AA 

1 AC 1 

DO 

1 CC 

1 

37“ 

37.2 


28.0 

28.0 

32.0 

5.00 


5.30 

4.30 

5.30 

62 


72 

59 

116 


28“ 








7.00 

4.20 

5.45 

— 

— 

62 

74 

78 

2 

37“ 


36.5 

32.8 

28.0 

33.0 


8.30 

29.00 

19.00 

9.30 


43 

35 

47 

49 


28“ 







7.20 

14.00 

14.00 

9.45 

— 

47 

44 

55 

60 

3 

37“ 

37.0 

36.8 

30.0 

28.9 

27.5 

8.00 

11.00 

8.30 

7.00 

7.00 

42 

43 

57 

58 

62 


28“ 






8.30 

10.30 

7.30 

9.45 

9.00 

54 

57 

49 

55 

68 

i 

37“ 

37.0 

37.5 

31.5 

28.0 

30.0 

5.30 

4.00 

6.15 

4.45 

9.00 

73 

63 

62 

124 

80 


28“ 








5.10 

5.30 

5.00 

— 

— 

115 

114 

119 

5 

37“ 

37.0 

37.0 

30.0 

27.5 

33.0 

8.00 

5.00 

5.00 

5.00 

6.00 

53 

54 

53 

57 

84 


28“ 






6.30 

6.30 

7.15 

7.00 

5.30 

130 

75 

79 

80 

115 

6 

37“ 

37.0 

37.2 

30.0 

27.5 

32.5 

7.30 

S.OO 

7.30 

8.30 

6.00 

62 

Go 

68 

74 

79 


28“ 






7.00 

8.00 

6.30 

8.00 

7.00 

73 

70 

72 

85 

94 

7 

37“ 



32.2 

27.3 

36.8 

14.00 

19.00 

18.30 

12.00 

10.00 

28 

33 

40 

76 

75 


28“ 






10.30 

13.30 

15.00 

10.30 

S.OO 

40 

64 

72 

69 

99 

8 

37“ 

37.2 

37.0 

32.0 

29.5 

31.0 

S.OO 

7.00 

4.15 

5.30 

6.00 

57 

44 

50 

65 

53 


28“ 






12.00 

7.00 

4.00 

7.00 

6.00 

109 

88 

96 

88 

81 

9 

37“ 






6.00 

4.15 


5.00 

6.00 

60 

69 

_ 

_ 

140 


28“ 






— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10 

37“ 






31.00 

32.00 


18.00 

16.30 

31 

32 


28 

35 


28“ 






16.00 

17.30 

— 

12.00 

13.30 

62 

o4 

— 

68 

65 

11 

37“ 






14.00 

17.00 


15.00 

20.00 

44 

27 


40 

41 


28“ 






9.00 

13.00 

— 

18.00 

12.00 

64 

60 

— 

76 

80 


*BA=Before anesthesia; tAA=After anesthesia; $AC=:After cooling*; §DO=During operation; 


of iixflow-outflow occlusion, the lowest temperature obtained during hypothermia, 
and the amount of blood infused. 

The tests of the clotting mechanism were done at both 37° C. and 28° C. 
Attempts were made to obtain the blood specimens before anesthesia (BA), after 
anesthesia but before cooling (AA), after cooling but before operation (BO), 
during operation immediately after occlusion (DO), and after closure of the 
chest (CC) in all hypothermic patients (1 through 8); and before anesthesia 
(BA), after anesthesia (AA), during operation (DO), and after closure of the 
chest in normothermic patients (9 through 11). In some instances, additional 
clotting tests were performed on the following day. Our findings for these 
various determinations are presented in Table II along Avith the corresponding 
patient number and the loAvest temperature recorded during the period of hypo¬ 
thermia. 
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8G1 


ITvOTUUOMUlN .VCTIVITY 

(per cent) 

TIIKOXIDIN TIME 1 

(SEC.) 1 

FIBRINODVSIS 
(DILUTED plasma) 

LOWEST 

TEMPERA 
TUKE (DE 
GREES C.' 

X 

AA 

AC 

DO 

CO j 

1 DA 

AA 

AC 

DO 

CO I 

1 DA 

AA AC DO 

cc i 

0 


53 

G1 

45 

z 

_ 

z 

z 

— 

— 

— +++ — 

— 

28.0 

- 

50 

45 

43 

40 

_ 

_ 

— 

— 

— 


++ +-H- -hH- 

+++ 

+++ 

28.0 

s 

4i 

43 

40 

37 

14.8 

16.2 

19.5 

17.6 

13.9 

— 

— — +++ 

z 

28.0 

0 

GO 

55 

40 

40 

14.7 

13.5 

1U.2 

16.5 

14.2 

- 

— — +++ 

— — +-H- 

— 

28.0 

J 

60 

GO 

53 

40 

14.6 

15.5 

30.5 

17.2 

16.5 

_ 

- - - 

+++ 

26,5 

o 

51 

41 

35 

33 

11.4 

11.3 

15.2 

10.7 

14.0 

- 

— - - 

- 

27.4 

0 

44 

43 

•11 

39 

12.3 

15.0 

14.3 

34.0 

13.4 

- 

— — +++ 

- 

29.0 

i5 

55 

45 

42 

43 

10.6 

12.0 

9.8 

11.4 

12.0 

— 

_ _ _ 

- 

29.0 

lO 

57 

- 

82 

82 

12.0 

13.0 

— 

13.3 

10 2 


__ _ 

- 


\o 

41 

- 

43 

53 

12.0 

14.6 

- 

15.0 

11.1 

- 

- - - 



io 

55 

- 

CS 

G3 

17,9 

is.o 

- 

17.0 

17.7 

- 

+++ — — 

+++ 


C=s 

After 

closuic 

of 

che.st. 











RESULTS 

During tiio course of open-heart surgery under hypothermic anesthesia, 
the recalcification time exliibited a trend toward shortening rather than toward 
prolongation. This applied equally to the tests performed not only at 37° 0. 
btit also to those at 28° C. In only 1 of 8 patients could a clear-out but tran¬ 
sient prolongation of the recaleification time bo observed during the first phase 
of cooling (patient 2). It is interesting to note that this prolongation was more 
pronounced in the tost done at 37° 0. than at 28° 0. Consequently, it is doubt¬ 
ful whether the clotting mechanism of this particular patient was even affected 
since the body temperature was 33° C. at the time of the determination. The 
lowest temperature reached wa.s 27° C., but the recalcification time graduall.y 
returned to normal value. In general, the recaleification times done at 28° C. 
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were shorter than the ones of tlie same plasma specimen clone at 37° C. This is 
well demonstrated in patients 7, 10, and 11 who had long reealcifleation times 
at the beginning of the procedure. 

The protJiromhin consumption showed a pattern which corresponds to that 
of the recalcification time; that is, the prothrombin consumption, reflected by 
the longer prothrombin serum times, was more complete in tlie specimens in¬ 
cubated at 28° C. than in those incubated at 37° C. This applied to 40 out of 
42 prothrombin consumption tests done at ])oth temperatures. In 2 patients 
(7 and 10), who had a poor prothrombin consumption at 37° C., the con¬ 
sumption was normalized when the test was performed at 28° C. Generally, 
cooling failed to bring about any reduction of the prothrombin consumption 
below the normal values for 37° C. When the blood sample was incubated 
at 37° C., a decrease in prothrombin consumption in the sample taken after 
cooling was observed in only 1 patient (patient 2). This was the same patient 
in whom cooling induced a transient prolongation of tlic recalcification time for 
the same specimen. Test tube studies with plasma from normal persons proved 
that the prolonged serum prothrombin times of samples incubated at 28° C., as 
compared with those incubated at 37° C., is due to a real and not an apparent 
increase in thromboplastin formation. It can bo said that the prothrombin con¬ 
sumption measured at both temperatures did not show any striking changes in 
either hypothermic or normothermic patients, except for a trend toward exag¬ 
gerated prothrombin consumption near the completion of the operation. 

The prothrombin activity showed a persistent drop in all 8 of the hypo¬ 
thermic patients during the operation. Howevei', there was a rise in the 
activity on the day following the procedure. Tliis decrease was not observed 
in the normothermic group. In fact, in all 3 of these patients, a trend toward 
an increase of the prothrombin activity Avas noted during the operation and 
this Avas even more pronounced on the day after surgery. 

The thrombin time frequently exhibited a tendency toward prolongation. 
In patients, 3, 5 and 6, the thrombin time Avas shifted during the operation 
to Amines Avhieh we consider as abnormal. The maximum rise Avas seen after 
cooling in patients 3 and 5, and after occlusion in patient 6. Patient 3 had 
a transient episode of auricular fibrillation during the procedure, but shoAved no 
evidence of hemorrhagic manifestation. Patient 6 died the day after the opera¬ 
tion after tAvo episodes of ventricular fibrillation. At autopsy, there Avcrc 
large, scattered hemorrhagic areas in the lungs and recent thromboses of both 
small and large vessels. The rise in thrombin time Avas accompanied by a very 
definite bleeding tendency in patient 5. The resulting trends of the clotting 
tests on this patient are reproduced graphically in Fig. I. 

Coagulograms obtained on this patient clearly indicated that there Avas a 
delay in the measurable onset of fibrin formation in the sample obtained after 
cooling (AC). This same period exhibited the most abnormal thrombin time 
values. After the thrombin times returned to normal, there Avas no further 
evidence of such a delay. Fig. 2 demonstrates this fact clearly. 



CIOrilNG DEVIATIONS DUKING IIYPOIIIEIiMI V 


86 ; 


\<|| n 
NumI 


c 

cr6 


The tendenev tow aid incieased phnnohjsis was obseived iii 8 patients In 
3 oi the Inpotheimie gionp, this fihnnohtic tendency was incieased onlv aftei 
o(.c/usion The most ] usistont hsis f(.mlcnc\ was noted in patient 2, m whom 
many adhesions mound the \asculai tiuncus had to be sepaiatcd In both 
patients 2 and 4 the ineieased lysis tendency was also obseived m specimens 
incubattd at 28° C In none ot the patients could hsis be obsei\ed within 24 
liouis ot clots fiom undiluted plasma obtained on the da\ of the opeiation Pa 
ticnt 7 exhibited such a hsis of blood obtained duiing the fiist postopeiativc dav 
The data ot itealcihoation time and piothiombin consumption given in 
Table II indKatc theie is a luoie complete clotting at 28° 0 than theie is at 
37° C Ill oidci to establish whctlni oi not this moie complete clotting duiing 



of 

bat 

C 

at 

coo 


clottmt, nicclianfsm In a 21 jear old v\oman during suture closure 
Itr InpotbermU Serum prothrombin time (see) specimen Incu 
tiirombin time (sec) at 37* C prothrombin activity (%) at 37* 
of iccilclIKil pi i, soeclmcns obtaini-d from blool \vithdra\\n 
dure BA=bcforc anesthesia ^VA=after anesthesia VC=:after 
on and CC=:chcst dosed 


hjijotheimid is .i leal one oi onlj an appaicnt one, a senes of tvo additional 
test tube cxpeiiineiits Meie peiloinicd Tliioiiibiii generation tests weie pel 
foiincd by a metbod oi oui own, as jet unpublished, using leealeified citiated 
plasma at 37° C and 28° C, i cspcctivch At inteivals, aliquots ueie t iken 
iioni the plasma, winch was in the piocess of clotting, and added at 37° C to a 
fibiinogeii solution which was clotted by it The clotting speed of the fibiinogcn 
solution IS dependent upon the amount of tliiomhiii geneiated iii the clotting 
plasma, the tliionihin amount being lelated to the amount ot tliiomhoplastin 
ioimed Pig 3 illustiates the tluombm geneiation in the clotting niixtuie 
wliicli was kept at 28° 0 piocceds fastci and jields moie thioinbiii than in the 
coiiesponding im\tuie incubated at 37° C This becomes paiticulaily evident 
if a oompaiison is made of the elotting times of the fibiinogen solution to winch 
an aliquot of plasma in the piocess of clotting was added aftei 12 and 16 
minutes of incubation, lespeetnely 
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were shorter than the ones of the same plasma specimen done at 37° C. This is 
well demonstrated in patients 7, 10, and 11 who had long recalcification times 
at the beginning of the procedure. 

The prothrombin consumption showed a pattern which corresponds to that 
of the recalcification time; that is, the prothromlnn consumption, refieeted by 
the longer prothrombin serum times, was more complete in the specimens in¬ 
cubated at 28° C. than in those incubated at 37° C. This applied to 40 out of 
42 prothrombin consumption tests done at Imth temperatures. In 2 patients 
(7 and 10), who had a poor prothrombin consumption at 37° C., the con¬ 
sumption was normalized when the test was performed at 28° C. Clenerally, 
cooling failed to bring about any reduction of the prothrombin consumption 
below the normal values for 37° C. 1711011 the blood sample was incubated 
at 37° C., a decrease in prothrombin consumption in the sample taken after 
cooling was observed in only 1 patient (patient 2). This was the same patient 
in whom cooling induced a transient prolongation of the recaleification time for 
the same specimen. Test tube studies with plasma from normal persons proved 
that the prolonged serum prothrombin times of samples incubated at 28° C., as 
compared with those incubated at 37° C., is due to a real and not an apparent 
increase in thromboplastin formation. It can be said that the prothrombin con¬ 
sumption measured at both temperatures did not show any striking changes in 
either hypothermic or normothermie patients, except for a trend toward exag¬ 
gerated prothrombin consumption near the completion of the operation. 

The prothrombin activity showed a persistent drop in all 8 of the hypo¬ 
thermic patients during the operation. IIoAvever, there was a vise in the 
activity on the day following the procedure. This decrease was not observed 
in the normothermie group. In fact, in all 3 of these patients, a trend toward 
an increase of the prothrombin activity was noted during the operation and 
this was even more pronounced on the day after surgery. 

The thrombin time frequently exhibited a tendency toward prolongation. 
In patients, 3, 5 and 6, the thrombin time was shifted during the operation 
to values which we consider as abnormal. Tlie maximum rise Avas seen after 
cooling in patients 3 and 5, and after occlusion in patient 6. Patient 3 had 
a transient episode of auricular fibrillation during the proccdirre, but showed no 
evidence of hemorrhagic manifestation. Patient 6 died the day after the opera¬ 
tion after two episodes of ventricular fibrillation. At autopsy, there were 
large, scattered hemorrhagic areas in the lungs and recent thromboses of both 
small and large vessels. The rise in thrombin time was accompanied by a very 
definite bleeding tendency in patient 5. The resulting trends of the clotting 
tests on this patient are reproduced graphically in I’ig. 1. 

Coagulograms obtained on this patient clearly indicated that there was a 
delay in the measurable onset of fibrin formation in the sample obtained after 
cooling (AC). This same period exhibited the most abnormal thrombin time 
values. After the thrombin times returned to normal, there was no further 
evidence of such a delay. Fig. 2 demonstrates this fact eleai'ly. 



s'.'l.Vff’ <-1-01 IJI^MAriONb DUKING HIPOTHEUMIA Sfao 

T)i(' temlencv tow iicl incioised fihnnolyits was obsei\ecl m 8 patunts lu 
3 ol the hjpotluiiim .tioup this hbimolytic tendency was nioieased onli aftei 
octiusion The most insistent hsis tcudcnci was noted in patient 2, ni whom 
nianj adliesions .iiound tin \ascnlai tiuiiciis had to bo sepaiated In both 
patients 2 and 4 tlu imuasid Ivsis tindency was also obseived in specimens 
ineubatLd ,it 28° (_' In none ot the patients could Ijsis be obsened within 24 
houis ot clots lioni undiliittd plasma obtained on the daj of the opeiatioii Pa 
tinit 7 exhibited such a hsis ot blood obtained dining the fiist postopeiative dav 

The data ot iKaleiluation time and piothiombin consuniptioii giien in 
Table II indicati theie is a moie complete clotting at 28° 0 than there is at 
27° C In oidci to establish whethei oi not this nioie comjiletc clotting dining 



tip 1—Studies of the clottinp mechnnlsm in a 24 >e'ir old woman during suturo closure 
of an itrlal «Lptil defect under hvpothoimla Scrum prothrombin time (sec) specimen meu 
bated at 37* C and 28* C thrombin time (sec ) at S”* C prothrombin activity (fo) at 37" 
C and Iibrinol>si'* tcndcncj of rccalcillel plabin i doecimtns obUlnt-d from blood withdrawn 
at Intervals during the procedure B\.=before anesthesia UV=after anesthesia AC=after 
cooling DO=during opci itlon and CC—chest closed 


hjpotheinna is a leal one oi onh an appaient one, a series of two additional 
test tiiliL expeimicnts weie peifoimcd Tlnonihm generation tests weie pei 
foimed bj a method of oui own as set uiipiihlished, using lecalcified citiattd 
plasma at 37° 0 and 28° C, lespictively At inteiials, aliquots weie taken 
iiom the plasma, which was in the pioccss of clotting, and added at 37° C to a 
fihiinogeii solution which was clotted by it The clotting speed of the fibiinogen 
solution IS deptiidtiit upon the amount of thiombin geneiatcd iii the clotting 
plasma, the tliiomhin amount being lelatcd to the amount of tluomboplastin 
foimed Fig 3 ilhisliates the tluonibiix geneiatioii in the clotting iiiixtuie 
which was kept at 28° C pioeecds fastei and jields moic thiombiu than in the 
coiicsponding niixtuie mcuhated at 37° C This becomes paiticulaily evident 
if a compaiison is made of the clotting times of the fibiinogen solution to which 
an aliquot of plasma in the piocess of clotting was added aftei 12 and 16 
minutes of iiioubatioii, lespeetively 
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It might be concluded that the increased coagulability at the lower tempera¬ 
ture is demonstrable only in citrated plasma, whieh was used throughout the 
study, and absent in genuine whole blood. To clarify this point, genuine whole 
blood, obtained from normal individuals Avith the two-syringe technique, was 



Fig. 2.—Serial coagulograms on Patient No. .5. Fibrin formation begins wlien the singie 
left side line starts splitting. Note time scale. BA=before anesthesia: AA=after anostliesia; 
.-VC=after cooling: and CC=chest closed. 


THROMBIN GENERATION 



MINUTES INCUBATION TIME 

Pig, 3 .—Thrombin generation in normal recalcifled citrated plasma, incubated at 37° C. 
and 28° C. Note the formation of more thrombin after a shorter incubation time m the 
C. specimen. 
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permitted to elot at 37“ 0. and at 28“ C. in both ordinary and siliconized glass 
tubes. Tlie clotting time and the prothrombin consumption were measured and 
reported in Table III. It is evident that whole blood e.'chibits the same phe¬ 
nomenon as citrated blood. The clotting time at 28“ C. is no longer than at 
37“ C., and the prothrombin consumption is more complete at 28“ C. The use 
of siliconized glassware abolishes this phenomenon. A full account of this and 
other findings with in vitro clotting studies at various temperatures is now 
in preparation. A brief preliminary report has been given eai-lier.® 


Table III 


TEMPERATURE 
(DEGREES C.) 

Or.ASSWARE 

CLOTTING TIME 
(MIN.) 

SOiUM PROTUROMBIN 
TIME (SEC.) 

37 

Ordinary 

9 

69 

37 

Silicono 

21 

22 

28 

Ordinary 

9.3 

100 

28 

Silicono 

26 

22 


DISCUSSION 

In a recent paper by Bunker and Goldstein' on coagulation in hypothermic 
patients undergoing major surgical procedures, mainly neuro-surgical in nature, 
a reduction of prothrombin consumption was reported to occur in some of 
tlieir patients. It was noted that hypothermia brought about a shortening of 
tiie clotting time in some of tiie patients and the clotting time of the whole blood 
was not prolonged. The authors discussed the possibility of hypercoagulability 
or oven intravascular olottmg at the lower temperature Using our own in 
vivo and in vitro studies as a basis, we are inclined to suggest that hypothermia 
combined with extensive surgical procedures could induce hypercoagulability 
i-ather than hypocoagulability, provided there does not develop an increase in 
thrombin inhibitor. The test tube studies indicate that rough surfaces (i.o., 
non-siliconized glassware) may enhance this phenomenon. These findings are 
in contrast to the usual opinion expressed in textbooks that the optimum temper¬ 
ature for blood clotting is 37° C. Bugy," after considering his own data as well 
as those of others, had concluded the optimum temperature for clotting of 
human blood is 32“ C. Ho feels this is teleologically justified since, under nor¬ 
mal conditions, hemostasis is required at skin temperature and not at that of 
the interior of the body. 

• Losner and Volk'“ demonstrated that human blood, to which small amounts 
of citrate have been added, clotted faster at room temperature than at 37“ C. 
They theorized there was a binding of prothrombin and citrate, a union which 
became firmer with the increase in tlie temperature. Our test tube studies with 
unaltered human blood, showing the same increase in pi'othrombin consumption 
at 28“ C. as that in citrated blood, seem to c-xclude any important role of citrate. 
It is possible that at the lower temperatures some naturally occurring inhibitors 
of the clotting components are less active. This is well known for substances 
inhibiting thrombin, and many tests, in which the thrombin formed during the 
procedures is measured, are done with their final steps at 28“ 0. to reduce the 
inactivation of thrombin. __ 
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The data presented in Table If demonstrate that cooling of human beings 
diii'ing ijypothermic axu-sthesia does not adveisely affect their clotting mechanism 
as measured by the rccalcificatiou time and prothroixibijx consumption. This is 
in cxxntra.st to the result.s obtaixicd in dogs by some investigator.s.'’ This animal 
re.spojids to cooling witii a decrease in platelets which we did not observe in man. 
Although the clotting and tibx-inolytic .sy.stxjms of the dog are ba.sically the 
.same as in human beings, there is a different relationship between tlie individual 
faxjtors. A comparative study of clot formation by means of thrombelastograms 
was joade by de Nicola" in 18 jnatiimalian species, lie found the dog's clot 
j'ox'xnation began normally, but then progre.s.sed very slowly to yield eventually a 
clot with the pooi'e.st fii*mn(‘.s;s of all .species .studied, xiian included. It is for the.se 
i-easoxis that the x’esidts of clotting studies in the dog cannot be correlated with 
tho.se of xrian without reservation. 


As previou-sly mentioxied, recaleification time and prothrombin consumption 
tc.sts do not indicate impaired clotting during liypotheviuie heart surgery. How- 
('ver, they do indicate the d(.‘velopmejit of a tendcjicy toward increased clotting 
dui'ing the coui'se of the operation. The e.xplanatiou for this latter pheiromenon 
is xiot deal’, Oxic may postulate that the release of ti.ssuc thromboplastin, par¬ 
ticularly frojii the lungs, may play a role. Jutei'estingly, there ajjpear to be two 
factors working in opposiU; directions. The first factor, as sceji from Table If, 
is the prothrombin time. 'I'his is usually prolonged in the beginning, and has 
a consistent tendency to become .still longer during the operation in the cooled 
patient. Patients with c<»ngenital heart disease are known to have a prolonged 
prothrombin time. In cases e.'diibiting atrial septal dcfcct.s, the j-ange may be 
from lo to 70 per cent,' while in patients with tetralogy of Pallet or other car¬ 
diac clcfcct.s, the value may be 10 {xer cent of normal or lower.'* It is noted that 
transfusions with stored blood, which has a more or less pronounced deficiency 
of its prothrombin complex, certainly do not counteract this abnormality. lOllis, 
Klein.sa.sscr, and Speer'* believe that intravascular clotting occurs to .some degree 
in all animals undergoing hyjxotherjnia and cardiac surgery. They observed a 
continuous drop in proconvertin, proaccclerin, and prothrombin during the pro¬ 
cedure, and assumed tliuL the reduction of the pi’othrombin comple.x axid the 
xiumhei- of platelets can be explained by the consumption of the.so factors in in¬ 
travascular clotting. Bleeding may finally develop due to a lack in the various 
clotting factoi's. However, we have not seen a bleeding tendency develop due to 
a frank deficiency in the prollirojiibin complex. Normally, the moderate defi¬ 
ciency seen ill our patients is not sufficient to iullueuce the over-all clotting 
meehanism. 


lu this respect, the second factor, the thrombin inhilxitor, is more decisive. 
'I'he thrombin inhibitor is either identical lo heparin combined with its co-factor 
or is related to this complex. It lias been described as being elevated in congenital 
heart disease, tlic greatest increa.se in cyanotic patients.^'‘ The pre-anesthetic 
values in our patients (2, 3, and 4) are suggestive of such an increase. The 
thrombin inliibilor can incroa.so rapidly in lusponse lo a variety of stimuli. Au 
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outstjndmg e\pciimeiital ov.imple of this is the peptone shock which is com 
blued with a considei.ible inciease in caiiillaiy peiineability * Cooling and ic 
Maiming of dogs induced changes of thiombin inhibitoi which vaiied inieisely 
Mith the tempoiatiiic It was obseivcd by de Takats'“ that iasodilatation Mas 
associated Mitli an mciease in heparin seciction In 2 of the 3 patients exhibiting 
an ineicase m the thionibin titei, bleeding was encounteied oi Mas found at 
autopsi 

It is felt that the inciease in thiombin inhibitoi and the changes in vaseulai 
function associated Mitli it icpicscnt the gicatest dangei in the de\elopinent ot 
bleeding episodes, and tliisc heiiioiihagcs aic not due to the leduetion in the 
concentiation of clot piomoting factois If seiisitiie incthods are used, the ob 
soiled inciease in fibiiiiolytie tendcnci can fiequentli be found dining chest 
suigeii and does not lepicsent a phenoiiiLnon due to hypothcimic anesthesia 
Iloweiei, mil lesults do suggest that ciuulatoi-j occlusion maj favoi the develop 
iiieiit of a fibiinolytie teiidoney 

SUIIMIHX 

The clotting piocess of human blood as measiucd b> iccalciftcation time and 
piotlirombm consumption is not impaiicd duung Inpotheimic lieait suigeii A 
tendcnci toi lij peicoagulabililj maj deiclop Test tube studies show that 
clotting IS as complete at 28° C as it is at 37° C Patients with congenital heart 
disease ticipiciitly liaio prolonged piothiombin times iiliieh tend to becoim 
longei duung liipotheunia Bleeding episodis mai bi primaiih due to an in 
cioase 111 thiombiii inhibitoi and the changes in lasciilai function associated 

iiith It 

Wc AMsU to tlmiik JIrs Edith \on Kaull i lor l»r tcchnipal iBssiistanhe in this stiuh 
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STUDY OF THE VIABLE INTERCOSTAL PEDICLE GRAFT 
IN TRACHEOBRONCHIAL SURGERY 

Emil Blair, Major, AlC, USA, Denver, Colo. 

INTRODUCTION 

T he availability of material within the chest to repair tracheobronchial de¬ 
fects due either to accident trauma or to elective surgery has been demon¬ 
strated by a number of investigators.’"* In particular, the work of Penton 
and Brantigan* indicated that a viable intercostal pedicle graft could be used 
sueeessfully. The advantages of the graft are (1) its viability, and (2) the 
rigid support provided by bone formation. Logically, it might be anticipated 
that the presence of a blood supply in a graft should ensure success in healing. 
Speeifleally, it should encourage the development of a rich capillary network 
at the critical line of repair. Furthermore, if the vascularity and nerve supply 
are maintained, the muscle should retain its integrity and reduce the shorten¬ 
ing and/or stenosis secondary to fibrosis and atrophy which would develop as 
blood flow is reduced or abolished. Finally, epithelization should be encouraged, 
reducing the magnitude of stenosis. The present study was designed to deteiinine 
the following: (1) the effectiveness of repair with this tj^pe of graft; (2) 
the contribution of the viabiUty of the intercostal vessels; (3) the histologic 
changes that may occur during healing; and (4) the subsequent results over a 
prolonged period of time. 

JI.VTERI.ILS .IND aiETHODS 

llongrel dogs were used, anesthetized with Nembutal, and attached to a 
positive pressure apparatus for respiration on oxygen. Under sterile condi¬ 
tions, the left chest was entered over the fourth rib. The rib was resected 
and the graft formed from the fourth and fifth intercostal muscle and neuro¬ 
vascular bundles. The graft consisted of intercostal muscle, artery, neiwe 
and vein, periosteum and pleura.* In the dog the pleiu-a is extremely thin 
and, in the early stages of the study, perforations through the pleura occurred 
frequently. To eliminate this complication, the pleura was imbricated in 
subsequent animals. The animals were divided into two groups. Group I con¬ 
sisted of animals in which tracheal defects were created and then repaired 
with the intercostal pedicle graft. The tracheal window was always suf¬ 
ficiently large so as to preclude adequate closure by primai-y approximation 

From the U. S. Army Research and Development Unit, Fitzsimons Army Hospital, 
Demer 8, Colo. 
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and included at least tour tracheal rings. In 4 dogs, a tantalum mesh bridge 
was placed over the defect before application of the graft. Group II con¬ 
sisted of animals in which the left lung Avas removed, the bronchus being cut 
flush with the trachea. The defect then was repaired Avith the intercostal 
pedicle graft. The graft Avas placed in such a manner that the serosal surface 
faced the lumen of the trachea. The closure Avas effected Avith interrupted 
black silk suture using a single layer. Care Avas taken in the placement of 
the graft to avoid kinking of the blood AU'ssels and introduction of the suture 
either through or around a blood vessel. Despite the precaution, interriiption 
of floAv did occur in scA'cral instances. However, each pedicle graft had tAvo 
or more neurovascular bundles so that every gratt had at least one intact 
blood and neiwe supply. 

PolloAving the closure, the intrapulmonary pressure Avas elevated by in¬ 
creasing the pressure and flow of oxygen to test for leaks. The chest Avas then 
closed in anatomic laj'crs and antibiotics Avcrc administered for 1 Aceek post- 
oi)eratiAmly. 

RESULTS 

Initially, there Averc a number of deaths due to peiToration resulting from 
undue tension on the suture line. This Avas avoided in later animals by mak¬ 
ing a longer graft and alloAving for shortening. The animals Avere observed 
for periods of 24 hours to 8 months. A total of 34 dogs Avere considered satis¬ 
factory for evaluation. There Avere 6 deaths. One Avas due to atelectasis 9 
days postoperatively. The others Avere due to perforations occurring from 
36 hours to 4 days postoperatively. Evaluation Avas based on recovery from 
surgery, bronchoscopy at regular intervals, and necropsy Avith microscopic 
study. 

Group I: TraclieuL Defect and Repair .—^Results are indicated in Table I- 
There Avere 20 dogs in this group. 

Bronchoscopy: Bulging of the gi’aft into the lumen during the first Aveek 
Avas observed except iir the dogs AAdiich had a tantalum bridge. The surface 
of the graft shoAved small circumscribed hemorrhagic areas. In the ensuing 
3 Aveeks, the bulging Avas reduced. A i^rogressively increasing stenosis Avas 
observed in most animals after II /2 months. At this time, the surface as¬ 
sumed the gross appearance of the tracheal lining. In the latter months, the 
trachea Avas distorted and pulled to the right, in the direction of the base of 
the graft. 

Necropsy: (Pig. 1.) Within 24 hours, the surface Avas covered Avith a 
smooth fibrin lining 1 to 2 mm. thick Avhich could be elevated easily. The 
graft protruded into the lumen but caused no serious obstruction. The pro¬ 
trusion declined over a period of 1 month at Avhich time healing Avas prac¬ 
tically complete. There Avas no bulging in dogs Avith the tantalum bridge. 

Granulomas around the sutures Avere noted occasionally. Tracheal ring 
■regeneration occurred partially and only in those dogs in Avhieh stricture Avas 
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Fie:. 1 —Group I. Tracheal 
(-) Two Weeks: The graft bulg< 
Month: Almost complete epithclh 
Complete healing with contracture 
( 6 ) Seven Months: Contracture. 



. . . Hours: Xote llie dt-r-r * “ 

■ I I liai islands are appo.' - '* •, 
: granulomata, 

:■ _ * ■ nplcte healing w:i>. 
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TjVble I. Tracheal Gkai't (Group I) 


NO. 

DOG NUMBER 

PERIOD OP 
OBSERVATION 

CAUSE OP 
DEATH 

1 DEGREE OP 
STENOSIS 

1 (%)■* 

EPITUELULf 

1 GROWTH 

1 

20S3 

24 hr. 

Sacrifice 

0 

0 

2 

5S9T 

36 lir. 

Perforation 

0 

0 

3 

954 

36 lir. 

Perforation 

0 

0 

4 

803T 

48 hr. 

Perforation 

0 

0 

5 

791 

9 days 

Atelectasi.s 

20t 

0 

G 

433-A 

2 weeks 

Sacrifice 

8 

+ 

7 

286-A 

1 mo. 

Sacrifice 

6 

■f-f- 

S 

291-A 

1 mo. 

.Sacrifice 

2 

++ 

9 

331-A 

1 mo. 

.Sacrifice 

271 

+ 

10 

422-A 

1.5 mo. 

Sacrifice 

16 

++ 

11 

391-A 

2 mo. 

Sacrifice 

G 

+++ 

12 

965 

2.5 mo. 

Sacrifice 

0 

++ 

13 

962 

3 mo. 

Snerifire 

25 


14 

S38T 

0 mo. 

.‘^'acrifiee 

30 

+++ 

15 

818T 

6 mo. 

Sacrifice 

21 

+++ 

16 

775 

6,5 mo. 

Sacrifice 

0 

+++ 

17 

762 

6.5 mo. 

.Siicrifice 

0 

+++ 

IS 

759 

7 mo. 

.“Sacrifice 

0 

+++ 

19 

783 

7 mo. 

.Sacrifice 

25 

+++ 

20 

792 

7 mo. 

Sacrifice 

- 

+++ 


T = Tantalum bridge. 

, Normal trachea circumference - ch'cumforcnce at stricture 

•% Stenosis = - r—7 -;-;- , - 

normal trachea circumference 

tNo stenosis; bulging of tissue into lumen 

t+ = Beginning. ++ == Partial. +++ = Complete. 


minimal ov absent. In subseqticnt montbs, narrowing of the lumen developed 
in most animals. The degree of stenosis varied greatly. Of 12 animals fol¬ 
lowed from 2yo to 7 months, 4 demonstrated no stenosis; and 3 others had 
stenosis to only a small degree. In those with significant stenosis (over 20 
per cent), it was never of such a degree as to embarrass respiration as indi¬ 
cated by subjective observation and by absence of emphysematous changes in 
the lungs on microscopic stttdy. The tantalum bridge did not modify or re¬ 
duce the degree of stenosis. Epithelial growth was noted to begin at around 
2 weeks, until, within 1 to 2 months, the entire operative site was covered with 


Table II. Broncuial Closure (Group II) 


NO. 

1 

DOG number I 

PERIOD OP 
OBSERVATION 

CAUSE OP DEATH 

EPITHELIAL 

GROWTH’' 

1 

2088 

24 lir. 

Sacrifice 

0 

2 

741 

4 days 

Perforation 

0 

3 

732 

4 days 

Perforation 

0 

4 

801 

15 days 

Sacrifice 

+ 

5 

616 

1 mo. 

Sacrifice 

++ 

6 

819 

5.5 mo. 

Sacrifice 

++ + 

7 

654 

7 mo. 

Sacrifice 


8 

068 

7 mo. 

Sacrifice 

++ + 

9 

755 

7 mo. 

Sacrifice 


10 

777 

7 mo. 

Sacrifice 

++ + 

11 

681 

7.5 mo. 

Sacrifice 

+++ 

12 

726 

8 mo. 

Sacrifice 

+++ 

13 

719 

8 mo. 

Sacrifice 


14 

720 

8 mo. 

Sacrifice 

+++ 


•+ = Beginning, = Partial. +++ = Complete. 















Voli n e j6 
Nunibcr b 


VI-VBLi: INTKHCOSTAL PEDICLE GR.UTT 


873 


typical traclical epithelium. This epithelium a.ssumecl llio usual movphologic 
eharaetcnstie.s of tall columuar ciliated cells with a distinct basal cuboidal 
group (b'ig. 2). 

Group II: Pncumoncctomii tiiul Jiiuncliial Closuic .—The results are iudl- 
eated i)i Table If. There wore 1-1 animals in this group of which 2 died 4 days 
l)ostoperativeiy due to perforation around the suture lines. The animals 
which survived from 15 days to 8 months dimonstr.itcd excellent healing and 
comiilete coverage of the healed aiea with tiaeheal epithelium (Fig. 3). 

The fntercoslnl Pedicle draft.— 

dro'ts; AVilhin a period of 1 month the graft denn/i.strated piogressive 
shortening. This .shortening rcsulttd in a ntiaetion ot the mediastinal con¬ 
tents toward the base of the graft which was lat< rat and posterior. The graft 


V 
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,bly-i6y 


—Oog: fruin Uroup II 


. . , cuft. Well hcjloJ P‘Hi complete 

ODcn broncluif* clo‘<t.«l amiu giaiu 
ppillipllal 

was firm with considerable bone formation noted frerpiently ConsKbrable 
amount of tissue I'eaction was demonstrable about the p-aft imostm the 
trachea and subclavian arteiy. At no time was tno aiien 

Microscopic: Tlie essential microscopic changc.s in the giaft aie noted in 

Table in and Pics 3 a ,1 4 AVithin 24 hours, a.i acute inflanimatory reaction 
iu j- ios. o .lull o. o • _ small veins, or some arterioles 

oecuiiet .at t le site of anastomosis. “ However, in every gr.aft, at least 
and, oecasionally, an artery next interval of 9 days demon- 

one v.ascn ar bundle reimunei p-i ^ ^tage and development of chronic 

strated recession of the acute "‘"“'““^^..^eell activity. At this time, a 
mtlammatory reaction with foreign botlj » 
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'i\VBLE I. TKACIIEAI, GKAFT (GUOUP I) 


NO. 

DOG NUMBER 

PERIOD OP 

OBSERVATION 

CAUSE OP 
DEATH 

DEGREE OP 
STENOSIS 

EPITHELIALf 

GROWTH 

1 

2083 

24 hr. 

SaerUicc 

0 

0 

2 

589T 

36 hr. 

Perforation 

0 

0 

3 

954 

36 hr. 

Perforation 

0 

0 

4 

803T 

48 hr. 

Perforation 

0 

0 

5 

791 

9 days 

Atelectasis 

201 

0 

6 

433-A 

2 weeks 

Sacrifice 

8 

+ 

7 

2SG-A 

1 mo. 

Sacrifice 

6 

++ 

8 

291-A 

1 mo. 

Sacrifice 

2 

•H* 

9 

331-A 

1 mo. 

.Sacrifice 

271 

+ 

10 

422-A 

1.5 mo. 

.S.acrifice 

16 

4-+ 

11 

391-A 

2 mo. 

S.'icriflce 

6 

+++ 

12 

965 

2.5 mo. 

.Sacrifice 

0 

-H- 

13 

962 

3 mo. 

.Sacrifice 

25 

-i'+'f* 

14 

S3ST 

5 mo. 

Sacrifice 

30 

+++ 

15 

S18T 

6 mo. 

Sacrifice 

21 

+4-+ 

16 

775 

6.5 mo. 

.Sacrifice 

0 


17 

762 

6.5 mo. 

Sacrifice 

0 

+-H- 

18 

759 

7 mo. 

.Siicrifice 

0 


19 

783 

7 mo. 

Sacrifice 

25 

+ ++ 

20 

792 

7 mo. 

.Sacrifice 

- 



T = Tantalum bridge. 

, Normal trachea circumference - circumference at stricture 
normal trachea circumference 
tNo stenosis; bulging of tissue into lumen 

= Beginning, -h- = Partial. +++ =; Complete. 


minimal or absent. In subsequent months, narrowing of the himcn devclopocl 
in most animals. The degree of stenosis varied greatly. Of 12 animals fol¬ 
lowed from 2V2 to 7 months, 4 demonstrated no stenosis; and 3 others had 
stenosis to only a small degree. In those with significant stenosis (over 20 
per cent), it was never of such a degree as to embarrass respiration as indi¬ 
cated by subjective observation and by absence of emphysematous changes in 
the lungs on microscopic study. The tantalum bridge did not modify or re¬ 
duce the degree of stenosis. Epithelial growth was noted to begin at around 
2 weeks, until, within 1 to 2 months, the entire operative site was covered with 


Table II. Bronchial Closure (Group II) 


NO. 

DOG NUSIBER 

PERIOD OP 
OBSERVATION 

C.VUSE OP DEATH 

EPITHELIAL 

GROWTH* 

1 

2088 

24 hr. 

Sacrifice 

0 

2 

741 

4 days 

Perforation 

0 

3 

732 

4 days 

Perforation 

0 

4 

801 

15 days 

Sacrifice 

+ 

5 

616 

1 mo. 

Sacrifice 


6 

819 

5.5 mo. 

Sacrifice 

+++ 

7 

654 

7 mo. 

Sacrifice 

++ + 

8 

668 

7 mo. 

Sacrifice 

+++ 

9 

755 

7 mo. 

Sacrifice 


10 

777 

7 rao. 

Sacrifice 

+++ 

11 

681 

7.5 mo. 

Sacrifice 

-H-+ 

12 

726 

8 mo. 

Sacrifice 

-H-+ 

13 

719 

8 mo. 

Sacrifice 

-H-+ 

14 

720 

8 mo. 

Sacrifice 

+++ 


•+ = Beginning, = Partial. +++ = Complete. 
















V‘Ju«rc J6 
Smnlxf 6 


VIABLE IXTEUCOSTAL PEDICLE GRAFT 


873 


typical traelu'iil cpitiu'liimi. Tliis epithelium assumed tlie usual morphologic 
eliaraeteri.sties of tall columnar ciliated cells with a distinct basal euboidal 
group (Fig. 3). 

Group 11; Pncumoncctoiny and Itronchiul Closure. —The results are indi¬ 
cated in Table 11. Tlierc were 11 animals in this group of which 2 died 4 days 
postoporativoly due to perforation around the suture lines. The animals 
wliieh survived from 13 days to 8 months demonstrated excellent healing and 
complete coverage of tlie healed area with tracheal epithelium (Fig. 3). 

The Intercostal Pedicle Graft .— 

Gross: Witliin a period of I month, the graft demonstrated progressive 
shortening. Tins .shortening ro.sulted in a retraction of the mediastinal eon- 
tents toward tlie base of tlie graft which was lateral and posterior. The graft 
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\- 

|Mii|iiii|iiii|iiii|iiiiTini 

MtlBIC j 2 ' 



Jj02 

-* Ooc from Oroup II Open bioiiclms dosed with ifiuft. Well hcitled with coniplcto 
cplthollal cottiilnif. 


"as linn with considerable bone formation noted frequently. Considerable 
amoinit of tissue reaction was dcmonstrahlc about the graft investing the 
trachea and subclavian artery. At no time was the arterial lumen occluded. 

•l/icroscopic; The e.s.sential iiiiero.scopie changes in the graft are noted in 
table III and Figs. 3 and 4. 'Within 24 hour.s, an acute iiillammatory reaction 
occurred at tlie site of anastomosis. Thrombi of small veins, of some arterioles 
and, occasionally, an artery were observed. However, in every graft, at least 
one vascular bundle remained patent. The next interval of 9 days denion- 
stiated rcce.ssion of tlie acute intiammatory stage and development of elironie 
uillamniatory reaction with foreign body giant cell activity. At this time, a 
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i-ieh granulating tissue was growing. During the next week, there was a 
marked increase in vascularity, including development of vessels to the size 
of arterioles. The intercostal vessels remained patent. At the end of this 
time (2 weeks), fiist signs of epithelial growth at the sides adjacent to the 
trachea Avere observed. 



Fig. 3.—Epithelial Growth. Sections are at junction of giaft-trachea. Iinseit is niagni- 
fled to show epithelial detail. (1) Two Weeks: Tiachea is at light The newly giowing 
epithelium is tjpical tracheal lining and rests on a vascular base (3) One Month- Trachea 
IS at left Defect w'as completely covered with epithelium. (3) I'w'o Months- Trachea is at 
light Muscle in graft Is undergoing abrosis and some atiophy. (J) Thiee Montlis Tiachea 
IS at left. No tracheal subimicosa developed In any animal. (5) Seven Months Trachea is 
at left Epithelium rests on a fibrous base. Muscle is fibrosed or ati opine Note persistent 
degenerating arteiy in light mid-field. (0) Eight Months. Trachea is at right Complete 
atrophy of graft. Chionic infianimatory reaction persists 
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lie 4—Tlic Intereoatil Pedicle Gioft (i) Tuo 14 eeks The intact neurovascular 
bundle U Tf fhe f r.<,tn. P "Vote the extensile vasculaiity consisting of arterioles 

mSscle ?n"t^£‘-Months° cUiUte^tr^i;"’!It musc“f“iSi’f a”! 

5asculaturfbTacellu7ar® <") !='«'“ 

Graft ^v^s almost entirely hyaline and bone 
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Table III. Intehcostal Pedicle Graft 


NO. 

DOG 

NUMBER 

PERIOD OF 
OBSERVATION 

[ MUSCLE* 

FIBROSISt 

CALCIUM 

BONE 

1 

2083 

24 kr. 

N 

0 

0 

0 

2 

2088 

24 hr. 

N 

0 

0 

0 

3 

589 

36 hr. 

N 

0 

0 

0 

4 

954 

36 hr. 

N 

0 

0 

0 

5 

803 

48 hr. 

N 

0 

0 

0 

6 

741 

4 days 

N 

0 

0 

0 

7 

732 

4 days 

N 

0 

0 

0 

8 

791 

9 days 

N 

Min. 

0 

0 

9 

433-A 

2 wk. 

PA 

0 

0 

0 

10 

SOI 

15 days 

N 

Min. 

0 

0 

11 

616 

1 mo. 

N 

+ 

0 

0 

12 

286-A 

1 mo. 

PA 


+ 

■}* 

13 

291-A 

1 DIO. 

PA 

+ 

+ 

+ 

14 

331-A 

1 mo. 

N 

Min. 

0 

0 

15 

422-A 

1.5 mo. 

PA 

d* 

0 

Yes 

16 

391-A 

2 mo. 

PA 

+ 

0 

Yes 

17 

965 

2.5 mo. 

PA 

++ 

0 

0 

18 

962 

3 mo. 

PA 

++ 

0 

Yes 

19 

838 

5 luo. 

PA 

++ 

Yps 

0 

20 

819 

5.5 mo. 

PA 

++ 

0 

0 

21 

818 

6 mo. 

A 


Yes 

Ye.s 

22 

775 

6.5 mo. 

A 

+++■ 

Yes 

0 

23 

762 

6.5 mo. 

A 

+++ 

Yes 

0 

24 

759 

7 mo. 

A 

+++ 

Yes 

Yes 

25 

783 

7 mo. 

A 

+++ 

Y es 

Yo.s 

26 

792 

7 mo. 

A 

++4' 

Yes 

Yes 

27 

654 

7 mo. 

A 

+++ 

Yes 

0 

28 

668 

7 mo. 

A 

+++ 

Yes 

0 

29 

755 

7 mo. 

A 


Yes 

0 

30 

777 

7 mo. 

A 

+++ 

Yc.s 

0 

31 

681 

7.5 mo. 

A 

+++ 

Yes 

0 

32 

726 

8 ino. 

A 

+++ 

Yes 

Yes 

33 

719 

8 mo. 

A 

-H-h 

Ye.s 

0 

34 

720 

S DIO. 

A 

+++ 

Yes 

0 


= Normal. PA — Partial atrophy. A rr Atrophy. 
" Moderate. ++ Subtotal. +++ — Total. 


In 1 month, cpithelization was almost complete. Chronic inflammatory 
elements pei’sisted while the granulation tissue and capillaiy activity receded 
and were being replaced by fibrous tissue. Collaterals, most likely developing 
from the intercostal arteries, were abundant. The muscle retained its noi'inal 
architecture. 

Significant degenerative changes began to appear between 1 and 2 months. 
The inflammatory reaction had subsided considerably, but macrophagie ac¬ 
tivity was still present. The muscle began to show signs of atrophy in the 
form of h 3 mline degeneration. The degree of fibrosis increased. The intei- 
eostal neurovascular bundle was still intact. In this period, cpithelization Avas 
complete. Serious muscular atrophic changes occurred m the next 3 and 4 
months despite the persistence of patent intercostal A^essels. Ihe capiUaiy 
netAvork had disappeared, and the collaterals Avere being replaced gradually 
by fibrous tissue of hyaline materials. The fifth to the sixth postoperative 
month marked the period of obliteration of the neurovascular bundle, and, 
except in a feAV instances, replacement of the muscle by hyaline material and 
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eoiitiaotod, lelativtly avasculai fibrous tissue In tlie seventh and eighth 
mouths, the giaft consisted o£ masses of hyaline mateiial and eonti acted 
fibious tissue occasionally suiiouiidiiig- bone 

DISCUSSION 

I ho inteicostal pedicle giaft is easily mobilized as sufficient tissue is a\ail- 
alilc toi the itpan of the defects cieatcd in this study The pioceduie was 
M latnely simple to complete, and the lesults quite satisfactoiy “With legaid 
to Mabilitj, it appeals that the blood flow thiough the inteicostal lessols 
contiibiited to the oaily phases ot healing and to delajing the atiojihie changes 
in the muscle The piesence of a leiy iich gianulation tissue ensuied ade¬ 
quate \asoulaiity foi healing Fiutliei, as opposed to tiee musele giaft,'’ 
huge ealibei collatcials also developed This indicated a gieatei ^aseulallty 
than could be achieved with a fiee giaft and likely contiibuted to the delay 
in ati opine ehanges of the musele Pcei has documented that fice muscle 
becomes completely atiopine uitliin 1 month'’ He obseived that muscle un- 
deigoes atiophy ivhen it is immobilizid and not in use This disuse atiophy 
do\ eloped m c\eij dog in the pieseiit study, though at a much latei peiiod 
(b months) At appio\imately the same time, the iieuiovaseulai bundles dis 
appealed 

The deposition of oaloium and the foimation of bone dei eloped as demon 
stratod elseuheio’ The faiilj' eaily appeaiancc of tiaiheal epithelium and 
eventual complete coieiago has been consistently obsenuH “ • 

Pleuia alone oi fat has been used with success in tin closuie ot bionchial 
stumps'’” ‘ •’ The lesults of these studies indieatc that a liable giaft is not 
neeessaiily leqmied to assuic adequate closuic of i bionchial stump oi 
tiaoheal defect 

The success in healing oi tiachcobioiicliial defects as established in this 
study, was due to the classic mcchaiiisiiis of healing in\ oh ing aseptic, careful 
suigeiy, the deposition of gianulation tissue, and the eientiial union by 
fibiosis The liability, while contiibutoiy, docs not eliiiiiiiate the eieiitual 
ati opine ehanges, noi does it acccleiate cinthelizatioii not pi event stenosis 
If theie IS any question of delay of unioii oi healing because of suspected 
ischemia oi infection, the advantage of a liighci degiee of lasoiilaiity maj 
indicate the use of a viable giaft 

CONCLUSIONS 

1 A viable inteicostal pedicle giaft consisting of inteicostal muscle, the 
neuiovaseular bundle, peiiostcuni and pleuia ivns emplojed to icpaii tiaclieo 
bioneliial detects 

2 The 1 opens weie eminently successful and, although significant de 
glees of stenosis developed in the tiaehea, tlicie was no eiidenee of piilmoiiaiy 
eniphyseiiia thiough the peuod of 7 months in which these animals weie fol 
lowed 
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Table III. Iateulostal Pedigia: Graft 


KO. 

1 DOL 

1 NUMBER 

PERIOO OF 
OBSERVATION 

i j 

i MUSCLE'* j 

[ FIBROSIS 1 

1 1 

1 CALCIUM 

BONE 

1 

2083 

24 lu. 

N 

0 

0 

0 

2 

2088 

21 lir. 

N 

0 

0 

0 

3 

589 

36 lu. 

N 

0 

0 

0 

4 

954 

36 lu. 

N 

0 

0 

0 

5 

803 

48 hr. 

N 

0 

0 

0 

(j 

741 

4 dajs 

N 

0 

0 

0 

7 

732 

4 clays 

N 

0 

0 

0 

s 

791 

9 days 

N 

Mm. 

0 

0 

9 

433-A 

2 uk. 

PA 

0 

0 

0 

10 

801 

15 days 

N 

Min. 

0 

0 

11 

616 

1 mo. 

N 

4* 

0 

0 

12 

286-A 

1 mo. 

PA 

+ 

+ 

+ 

13 

291-A 

1 mo. 

PA 

+ 

+ 

+ 

11 

331-A 

1 mo. 

N 

Min. 

0 

0 

15 

422 A 

1,5 mo. 

PA 

T 

0 

Yes 

16 

391-A 

2 mo. 

PA 

+ 

0 

Yes 

17 

965 

2.5 mo. 

PA 

4+ 

0 

0 

IS 

902 

3 mo. 

PA 

+4- 

0 

Yes 

19 

S3S 

5 ino. 

PA 

++ 

Yes 

0 

20 

819 

5.5 mo. 

PA 

-f+ 

0 

0 

21 

818 

6 mo. 

A 

+++■ 

Yob 

Yes 

22 

775 

6.5 mo. 

A 


Yes 

0 

23 

762 

6.5 mo. 

A 

+++ 

Yes 

0 

24 

759 

7 luo. 

A 

+++ 

Yes 

Y'es 

25 

783 

7 mo. 

A 

+++ 

Yes 

Yes 

26 

792 

7 mo. 

A 

+++ 

Yes 

Yes 

27 

654 

7 mo. 

A 

+++ 

Yes 

0 

2S 

668 

7 mo. 

A 

+++ 

Yes 

0 

29 

755 

7 mo. 

A 


Yes 

0 

30 

777 

7 mo. 

A 

+++ 

Yes 

0 

31 

681 

7.5 mo. 

A 

+++ 

Yes 

0 

32 

726 

8 mo. 

A 

+++ 

Yes 

Yes 

33 

719 

8 mo. 

A 

+++ 

Yes 

0 

34 

720 

8 mo. 

A 

+++ 

Yes 

0 


‘N = A^oniial. PA = Paitial attophy. A = Atrophy. 
■!■+ = Aloderate. ++ = Subtotal. +-H- = Total. 


In 1 month, epithelization was almost complete. Chronic inflammatory 
elements persisted while the granulation tissue and capillaiy activity receded 
and were being replaced by fibrous tissue. Collaterals, most likely developing 
from the intercostal arteries, Avere abundant. The muscle retained its normal 
architecture. 

Significant degenerative changes began to appear between 1 and 2 months. 
The inflammatory reaction had subsided considerably, but macrophagic ac¬ 
tivity was still present. The muscle began to shoAV signs of atrophy in the 
form of hyaline degeneration. The degree of fibrosis increased. The intei- 
costal neurovascular bundle Avas still intact. In this period, epithelization Avas 
complete. Serious muscular atrophic changes occurred in the next 3 and 4 
months despite the persistence of patent intercostal vessels. The capillary 
netAvork had disappeared, and the collaterals Avere being replaced gradually 
by fibrous tissue of hyaline materials. The fifth to the sixth postoperative 
month marked the period of obliteration of the neurovascular bundle, and, 
except in a feAV instances, replacement of the muscle by hyaline material and 
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3. 'While the viability of the graft may have contributed to the success¬ 
ful healing, union was due to the fundamental classic mechanisms of tissue 
healing. The viability did not prevent tracheal contracture or atrophy of 
the graft. 

The valuable assistance of the following is acknowlcilgcd; SFC L. L. Martin, E. 
Zimmer, il.S., W. Longueville, B.S., ami E. Keener, B.S. 
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